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(sJ) Secondary battery. " 

(57) A secondary battery exhibiting a long cycle 
life and comprising a negative pole (101) 
activating material made of lithium or zinc, is 
provided, the battery at least having a negative 
pole made of lithium or zinc serving as the 
negative pole activating material, an electrolyte 
(105) (electrolytic solution), a separator (108), a 
positive pole (104) made of a positive pole 
activating material, a collecting electrode and a 

< battery case (109), wherein at least the surface 
of the negative pole is covered with a film (102) 
having a structure which allows ions relating to 
the battery reactions to pass through. Since 

. growth of dendrite of lithium or zinc at the time 
of the charge can be prevented, short circuit 
between the negative pole and the positive pole 

— can ---- be — prevented. -* Therefore, — the 
charge/discharge cyde life can significantly be 
lengthened. As' a result, a lithium secondary 
battery, a nickel-zinc ' secondary battery, an 
air-zinc secondary battery, a bromine-zinc sec- 
ondary battery and a silver oxide-zinc secon- 
dary battery of the long cycle life can be 
manufactured. 
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A secondary battery exhibiting a long cycle life and comprising a negative pole activating material 
made of lithium or zinc is provided, the batteiy at least having a negative pole made of lithium or' zinc 
serving as the negative pole activating material, an electrolyte (electrolytic solution), a separator, a 
positive pole made of a positive pole activating material, a collecting electrode and a battery case, 
wherein at least the surface of the negative pole is covered with a film having a structure which allows 
ions relating to the battery reactions to pass through. Since growth of dendrite of lithium or zinc at the 
fame of the charge can be prevented, short circuit between the negative pole and the positive pole can 
be prevented. Therefore, the charge/discharge cycle life can significantly be lengthened. As a result, a 
lithium secondary battery, a nickel-zinc secondary battery, an air-zinc secondary battery, a bromine-zinc 
secondary battery and a silver oxide-zinc secondary battery of the long cycle life can be manufactured. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a secondary battery which can repeatedly be used, and more particularly 
to a reliable secondary battery capable of preventing short circuit occurring due to dendrite even if the battery 
is repeatedly charged and discharged. 

Related Background Art 

Since global warming is expected to take place due to the greenhouse effect caused from an increase in 
C0 2 and so forth, construction of thermal power plants encounters problems. Accordingly, it has been con- 
sidered feasible to perform so-called load levelling for the pupose of effectively using generators by accumu- 
lating electric power at night in secondary batteries at homes to level the load. 

—There arises another desire for a development of secondary battery which exhibits a high energy density 
for use in an electric car that does not exhaust air contamination substances. Further, development of a high 
performance secondary battery has been needed for use as a power source for portable equipment, such as 
a book-type personal computer, a word processor, a video camera and a portable telephones 

A locking chair type lithium ton battery capable of serving as the foregoing high performance secondary 
battery and comprising a positive pole activating material comprising lithium tons introduced into an interlayer 
compound thereof arid a negative pole activating material comprising carbon has been developed and partially 
put into practical use. , . 1 - .~ 

However the lithium ion battery has not achieved the high energy density that is the original characteristics 
of the lithium battery which uses the metal lithium as the positive pole activating material; The reason why a 
large capacity lithium accumulator of the type that uses the lithium metal as the positive pole has not been 
put into practical use is that generation of dendrite of the lithium (tree branch like crystal) which is the main 
cause of a short circuit cannot be prevented yet 

The lithium battery, nickel-zinc battery and the air-zinc battery encounters that lithium or zinc is, as de- 
scribed above, deposited on the surface of the negative pole at the time of charge; At this time, the current 
density is locally raised on the negative pole surface depending upon the surface condition, causing lithium 
"or zinc to be selectively deposited in the foregoing place. The deposited metal grows (dendrite) in the form of 
tree branch with the progress of the charge and discharge cycles while penetrating a separator until it reaches 
the positive pole, causing a short circuit to occur. 

The dendrite reaction mechanism is considered as follows. Since lithium or zinc that deposits at the time 
of charge has a considerable reactivity, it reacts with electrolytic solution or water or the like in the electrolytic 
solution, causing an insulating film to be formed which has a large resistance. Therefore, the current density 
in the foregoing portion is raised at the time of the next charge, resulting in that the dendrite can further easily 
grow. It leads to a fact that a short circuit takes place between the negative pole and the positive pole, resulting 
in that the charge cannot be performed. 

If the short circuit has taken place considerably, the energy of the battery will be consumed in a very short 
time, causing heat to be generated. As a result, the solvent of the electrolytic solution can be decomposed, 
resulting in generation of gas. Therefore, gas is generated, causing the internal pressure to be raised. In this 
case, an accident of ah explosion or fire can be generated for the worst. Therefore, there has been a desire 
for a long life lithium accumulator that does not easily cause the internal short circuit even if the charge and 
the discharge are repeated. ■ ' ■ , z . r - 

Also nickel-zinc batteries and air-zinc batteries generate dendrite of zinc due to repetition of charging and 
discharging, the dendrite penetrating the separator. As a result the zinc negative pole and the positive pole 
encounter a short circuit. Therefore, the foregoing conventional technology suffers from an excessively short 
cyclelife. ; fj - . r -*~-.. — . - ;. • . : 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a lithium, lithium alloy, zinc or zinc alloy secondary battery 
capable of overcoming the foregoing problems experienced with the conventional secondary batteries and ex- 
hibiting a long cycle life. 

In order to overcome the foregoing problems experienced with the conventional technology, the inventors 
of the present invention have made energetic studies. As a result, a fact was found that generation of dendrite 
of lithium or zinc can be prevented by forming a film permitting ions relating to battery reactions to pass 
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through on the surface of the negative pole. - b . - ■* :; ; - 

The present invention is characterized in that a secondary battery comprises a negative pole made of a 
negative pole activating material, a separator, a positive pole made of a positive pole activating material, an 
5 electrolyte (electrolytic solution), a collectjng electrode and a battery case, wherein the surface pf the negative 
, a pole is covered with afilm permitting ions relating to battery reactions to pass through. 
h>^^The material of the film has a molecular structure or small apertures which do not permit the negative 
7pole activating material vyWchV P°i e ^ ut which permit ions relating to the battery 

reactions to pass through. 
10 ~; The present invention is characterized in that the foregoing material ofthe film has been electron 

elements or groups for enabling the tons relating to the battery react ions to be easily conducted in the film. 

The electron donative element is exemplified by oxygen atoms, nitrogen atoms, sulfuratoms and transi- 
tion metal atoms respectively having a paired electron, a norvpaired electron or electron d.The electron do- 
..^ native group is exemplif ied by a ring compound and a compound having a cirbon double bond haying electron 
is * or an aromatic ring. : >, ';^i v • . ; *z -vt: >r\ r -vyr:> v T r r-?zi \'- A-/*r : ^"r: * t 
,r: - The film formed on the surface of the negative pole according to the present invention is charactenzed 
* in that it cannot be dissolved by the electrolyte. .•^. : .; ( . v ;;^r-- 4 : ~ ' t 

- ♦ . The inventor of the present invention found a fact that treatment of the surface of the negative pole with 
: . a nitrogen compound or a halogen compound, which is active jn a gas phase, will prevent the generation of 
20 lithium dendrite. - - y :.»*, 

. . ... r- According to the present invention, there is provided a secondary battery having a negative pole activating 
material composed of Jithium, a separator, a positive pole activating material, an electrolyte, a collector and a 
. battery case, wherein at least the surface of the lithium negative pole opposing the positive pole is treated 
with reactive and gaseous material containing nitrogen or a hajogen element _ . 
2$ According to the present invention, there is provided a battery comprising a negative pole, a separator, a 

positive pole and an electrolyte, wherein one or more layers selected from a group consisting of a conductor 
layer, a semiconductor layer and an insulating layer are formed between the negative pole and the separator. 
„^ If the negative pole activating material is lithiumor lithium alloy, the foregoing layer is formed into a mi- 
' -Icropore structure having small apertures permitting at least lithium ions to pass through. If zinc or zinc alloy 
30 " is used, the small apertures permit hydride ions to pass through. ~~ - - :r . • - - - • 

^; i e The small apertures permitting ions to pjass through may be realized by the molecular structure of the 
^material or by a manufacturing method, the small apertures, can be easily formed by, for example, injecting 
, *tan electrolyte into the foregoing layer at the time of forming the layer to manufacture the battery, the elec- 
trolyte being i eluting to form the micropores. Another method may be employed in which a foaming material 
35„-, : is added at the time of forming the foregoing layer and then the mjcro^res are formed by heat treatment or 

, V c thelike.* ~ ; - v <;_/..: f -■ - ? t ^A\\t: \ -r-,.: 'x ' 

The structure of the stacked layers may be a single layer or a multi-layer composed of two or more layers 
- or composed of a conductor layer, a semiconductor layer, an insulating layer and a composite layer containing 
. two or more types of elements or compounds. „ * tf *H :*;■* 

40 ~\ . ; Further, a fact was found that the separator partially including a film-shape member (hereinafter some- 
times called a "metal oxide film") of a metal oxide formed by a mold made of a bimolecular film forming com- 
pound is able to prevent short circuit in the battery occurring between the negative pole and the positive pole 
even if dendrite is generated in the negative pole..- 4 t ~ v: : . . L 
\ According to the present invention, there is provided a secondary battery comprising a negative pole made 
45 of a negative pole activating material, a positive pole made of a positive pole activating material and a sepa- 
rator which separating the positive pole activating material and the negative pole activating material from each 
other wherein at least a multi-layer metal oxide is present between the positive pole and the negative pole. 

Another fact was found that an arrangement that surface of the positive pole is covered with a thin film 
made of an insulating material or a semiconductor which is free from electron conduction and which permits 
so t ions relating to battery reactions will prevenfshort circuit in the battery between the negative pole and the 
positive pole even if dendrite is generated in the negative pole. - 

According to the present invention, there is provided a secondary battery at least comprising a negative 
^ pole, a separator,, a positive pole, an electrolyte, a collector iand a battery case, wherein at least the surface 
1 7 of the positive pole opposing the negative polejs covered with one or more thin film layers selected from a 
55 * group consisting of an insulating layer,* a semiconductor layer, a layer composed of an insulating material and 
a semiconductor which permit ions relating to the battery reactions to pass through. 

Anotherfact was found that employment of a positive pole activating material 13104 of ajithium secondary 
battery made of a compound of one or more types of transition metals having a crystal grain size of 500 A or 
less enables high capacity, large energy and long cycle life to be realized. The secondary battery ofthe fore- 
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going type has a cross sectional shape schematically shown in Fig. 13. The same reference numerals as those 
- shown in Fig. 1 represent the same' structures. 

" According to the present invention, there is provided a lithium secondary battery at least comprising a 
5 negative pole activating material, a separator, a positive pole activating material through which ions can be : 
introduced/discharged due to charge/ discharge, an electrolyte which is an ion conductor, a collecting electrode 
*^ 4 and a battery case, wherein the main component of the positive pole activating material 1 31 04 is a compound 
- of one or more type of transition metal and a group 6A element and having a crystal grain size of 500 A or 

less. , ' " [ 

10 v iL The main <x>m^rienf material of the positive pole activating material has a structure of an aggregate se- 
ir lected from a group consisting of amdrphoiis, microcrystal, a mixture of anrwrphous. microcrystal and a mixture 
of amorphous, microcrystarahd multi-crystal. * r , ; : c v c ^ 

-ob ^ The arrangement that the positive pole activating material of the lithium secondary battery is made of a 
nD compound oftheltrahsitibn metal having a structure of the aggregate selected from a group consisting of amor- 
is phous, microcrystal, a mixture of amorphous and a microcrystal and a mixture of an amorphous, a microcrystal - 
" ? and a multi-crystal, and the group 6A element and having a crystal grain size of 500 A or less, more preferably 
200 A enables the following effects to be obtained: J * " 5 ' " 

v * (1) Since the reactive area of the positive pole activating material can be enlarged, the electrochemical 
~ r -' : reactions at the time of charge and discharge can be made smooth/and therefore the chargeable capacity 
20 can be enlarged. t ...... - 

u ; < 7 " (2) The introduction and the discharge of lithium ions at the time of the charge and the discharge prevent 
the distortion of the positive pole activating material, causing the cycle life to be lengthened. 
~" It is preferable that the specific area of the positive pole activating material mainly composed of the corn- 
pound of the transition metal arid the group 6A element be 50 nr^/g or more in a state before the material is 
25 formed into the positive pole, more preferably 1 00 rri^g or more; ' 

* : : The employment of the compound of the transition metal and the group 6A element containing hydrogen 
will improve in the charge and discharge cycle characteristics. 

4 " By subjecting the positive pole activating material to a lipophilic treatment using an organic metal com- 
pound, the solid-liquid reactions between the electrolyte and the positive pole activating material can be made 
30 further smooth at the time of charge and the discharge. 

The compound of the transition metal and the group 6A element is exemplified by a metal oxide such as 
' r a nickel oxide, a cobalt oxide, a titanium oxide, an iron oxide; a vanadium oxide, a manganese oxide/a mo- 
lybdenum oxide, a chrome oxide or a tungsten oxide, a metal sulfide such as a molybdenum sulfide, an iron 
: ' sulfide or a titanium sulfide, a hydride such as an oxy iron hydride or their mixtures. ' • r * ■ " ~ 
35 r By employment of metal lithium having a film through which lithium ions are able to pass to form the neg- 
ative pole activating material of the secondary battery, a lithium secondary battery exhibiting a long life and 
a high energy density can be obtained: ~ 

^ 1 According to the present invention, there is provided a method of manufacturing a positive pole activating 
material of a lithium secondary battery at least comprising the step of forming a compound of a transition metal 
40 1 arid k group 6A element, the raw material of which is one or more types of materials selected from a group 
consisting of the transition metal, the salt of the transition metal, an organic metal compound of the transition 
metal, a hydride of the transition metal, a hydrogated transition metal, a carbonyl compound of a transition 
metal and a transition metal oxide and which has a structure of an aggregate having a crystal grain size of 
500 A or less, more preferably 200 Abr less and selected from a group consisting of amorphous, microcrystal, 
45 a mixture of amorphous and microcrystal and a mixture of amorphous, microcrystal and multi-crystal. - 

According to the present invention, there is provided a method of manufacturing a positive pole activating 
: material which is a compound of a transition metal and a group 6A element, the method comprising the steps 
of: - "'• : • • ; - r ' • ' " '"' - ' ' . 

employing one or more types of reactions selected from a group consisting of a reaction between a salt 
so - of the transition mefeil and alkali, a hydrolysis decomposition reaction of an organic transition metal compound 
and a reaction between the transition metal and alkali to prepare a hydride of the transition metals 

employing a dehydrating reaction or decomposition of the salt of the transition metal or the organic tran- 
sition metal compound in a gas phase or a reaction between the salt of the transition metal or the decomposed 
material of the organic transition metal compound or vapor of the transition metal and the group 6A element 
55 r or the group 6A compound; 

melting one or more types of materials selected from a group consisting of the transition metal and the 
transition metal compound to be allowed to react with one or more types of materials selected from a group 
consisting of the group 6A element and the compound of the group 6A element; and 

rapidly cooling the materials to form an aggregate having a crystal grain size of 500 Aor less and formed 
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into a structure selected from a group consisting of amorphous, microcrystal, a mixture of amorphous and mi- 
cro crystal and a mixture of amorphous, microcrystal and multi-crystal. 

5 * BRIEF DESCRIPTION OF THE DRAWINGS r , 

. r*«**- *■.'* * * * ~ 

z , F*9. 1 (s a basic structural view which illustrates a secondary battery according to the present invention; 
^ r Fig. 2 is a schematic cross sectional view which illustrates a flat battery to which the present invention is 
**; : V applied; . > - - - - - :^r- / . . . : - 

10 v _ Fig. 3 is a schematic cross sectional view which illustrates an example of a cylindrical battery to which 
^ . the present invention is applied; . V 

Fig. 4 is a schematic view which illustrates an example of a partial structure of a negative pole covered 
* _ with a film through which ions relating to battery reactions are able to pass; " V . J& ~, - . 3 V 
. r Fig. 5 is a basic structural view which illustrates another embodiment of the secondary battery according 
t5. : . to the present invention; . -* \r ~ - \/ v 

Fig. 6 is a schematic structural view which illustrates an apparatus for subjecting lithium for use in the 
secondary battery according to the present invention to surface treatment^ V 
Fig. 7 is a schematic structural view which illustrates an apparatus for subjecting lithium for use in the 
secondary battery according to the present invention to surface treatment; 
20 Fig. 8 is a schematic view which illustrates an effect of the present invention;'' ~ ~ r 

Figs. 9A to 9H are views which illustrate examples of layer stacking patterns according to the present in- 
vention including a conductor layer, a semiconductor layer and an insulating layer between the negative 
pole and the separator thereof; i ..." . 

. Fig. 10 is another basic structural view which illustrates the secondary battery according to the present 
25 ~ . invention;- \ . r ..I' ' mrz , \ J ' _ . // I ! 

Fig. 11 is a schematic cross sectional view which illustrates another cylindrical battery to which the present 
invention is applied; . . .. r . 

Fig. 12 is another basic structural view which illustrates the secondary battery according to the present 
. invention; and ., .1. , " ■ * . . . 

3d Fig. 13 is another basic structural view which illustrates the secondary battery according to the present 

..Invention, p * ~ - J l i !7'". V r ~'SV 

^ DETAILED DESCRIPTION OF THE PREFERRED EMBODIMEN TS'" V * : i - 

ss.v* — — ■ — : . • ■ ■o 

35 . Structure of Battery '** W " 

A secondary battery according to the present invention comprises a negative pole, a separator, a positive 
pole, an electrolyte and a collector. Fig. 1 is a basic structural view which illustrates the secondary battery. 
Referring to Fig. 1, reference numeral 100 represents a negative collector, 101 represents a negative pole sub- 
40 stantially made of negative pole activating material, 102 represents a shell, 103 represents a positive collector, ^ 

104 represents a positive pole substantially made of positive pole activating material, 105 represents a elec- 
trolytic solution (electrolyte), 106 represents a negative terminal, 107 represents a positive terminal, 109 rep- 
resents a case for the secondary battery, and 108 represents a separator. Figs. 5.1 0 and 12 illustrate another 
basic structure in which a multi-layer oxide film 10102, an ion permeable film 10102 and a layer 51 02 applied 

45 with lithium surface treatment in place of the film 102. If the lithium battery comprises the negative pole 101 
made of the negative active material which is lithium or lithium alloy, lithium ions in the electrolytic solution 

105 are introduced into the space between the layers of the positive pole activating material of the positive 
pole 104 through the permeable film due to the discharge reaction in a case of the structure shown in Fig. 
12. Simultaneously, lithium ions are dissolved and discharged from the negative pole activating material 101 

so . into the electrolyte 105 through the film 102 and the multi-layer metal oxide 10102, In the charging reaction, 
lithium ions in the electrolytic solution 105 are, in the form of lithium metal, precipitated into the negative' pole 
activating material through the film 102 (dendrite can easily grow if the film 102 is not present). Simultane- 
ously, lithium between the layers of the positive pole activating material 104 is dissolved and discharged into 
the electrolytic solution 105. Although lithium ions precipitated during the charging reaction are in a very active 

55 state to react with small-quantity water, oxygen, impurities or solvent in the electrolyte contained, "the'structure 
in which the surface of the negative pole 101 is covered with the film 102 prevents direct contact between 
. the precipitated lithium and the electrolytic solution. Therefore, the generation of dendrite, which causes the 
battery short circuit to occur, can be prevented. * ~ * i % 

In a case of an alkali battery comprising the negative pole activating material 101 made of zinc or zinc 
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alloy, the discharge reaction takes place in such a manner that hydroxyl ions in the electrolytic solution 105, 
similarly to the above, react with the negative pole activating material 101 of the negative pole 101 through 
the film 102. Simultaneously hydroxyl ions are discharged into the electrolytic solution 105 from the positive 
pole activating material of the positive pole 104. The charging reaction is performed in such a manner that f 
hydroxyl ions are discharged from the negative pole 101 into the electrolytic solution 105 through the film 
102 (if the film 102 is not present at this time, zinc ions in the electrolytic solution 105 easily cause dendrite 
to glow on the negative pole). Simultaneously, hydroxyl ions in the electrolytic solution 105 react with the pos- 
itive pole 104. Similarly to the case where the negative pole activating material is lithium, the present of the 
film 102 prevents generation of zinc dendrite at the time of charging/ * 

Therefore, the present invention is able to prevent short circuits in the battery, lengthen the life of the 
secondary battery and improve the safety. ; \ / '[ \ 

If the foregoing negative pole activating material is lithium or lithium alloy, lithium ions are used in the re- 
actions in the battery. In the case of the alkali battery containing zinc as the negative pole activating material, 
hydroxyl ions are used in the reactions. The batteries comprising zinc as the negative pole activating material - 
is typified by hickelzinc battery, air-zinc battery and bromine-zinc battery (however, the bromine-zinc battery 
comprises zinc ion as the negative side ion thatfare used in the inside react tons), ' ; *^ 

Method of Formi ng Negative Pole . * > * " ' . 

n - The negative pole can be formed by any one of the following methods as well as the method for forming 
the same by directly covering the surface of the negative pole activating material with a coating material by 
a dipping method, a spraying method or a CVD method. * ; V;r -y'-y ' ' ~ H '" / 

1 - : It is effective to employ a method in which a conductive arid porous matrix (the base), for example, sponge- 
like or fiber metal or carbon, having communication holes is covered with a coating material through which 
ions for use in the reactions in the battery can be passed through, and then lithium or zinc, which is the neg- 
ative-pole activating material, is caused to electrochemical precipitate and adhere so that the negative pole 
is formed. If a porous and conductive matrix has a wide specif ic area, the current density per unit area at the 
time of the charge and the discharge can be lowered. Therefore, the growth of the dendrite can be prevented 
and accordingly the charging/ discharging efficienty can be improved. 

It is preferable that the film made of a coating material, through which ions can be passed through, the 
small apertures serving as the space, in which the lithium can be precipitated, be formed into a 3D net shape. 

Another effective method may be employed which has steps of directly immersing a porous and conduc- 
tive matrix in the melted negative pole activating material, taking out the matrix, covering the surface of the 
conductive matrix with the negative active material or eiectrochemically covering the same with the negative 
pole activating material, and applying a coating rpaterial through which ions for use in the reactions in the bat- 
tery can be passed to the surface; ' 

Fig. 4 is a schematic view which illustrates a'partial structure of a negative pole formed by covering a 
1 conductive matrix 400 with a negative pole activating material 401 and a coating material 402 through which 
ions for use in the reactions in the battery can be passed. 

Material for Covering the Surface of Negative Pole ^ * . 

The coating material for covering the surface of the negative pole will now be described (1 to 7). 

1. Film Having an Inorganic Glass Structure 

: By covering the surface of "the negative pole activating material with the film having an inorganic glass 
structure, through which ions for use in the reactions in the battery can be passed, the reactions between 
lithium and water or oxygen can be prevented, causing easiness in handling if the negative pole activating 
material is lithium. Further, the direct contact between the lithium and the electrolytic solution does not take 
place. Therefore, the growth of the polymer film formed from the solvent of the electrolytic solution on the 
surface of lithium can be prevented. If the negative act ive material is zinc, the elution of zinc into the electrolytic 
solution can be prevented. As a result, formation of dendrite can be prevented and therefore the cycle life 
against charge and discharge can be lengthened. Since the film having the inorganic glass structure is flame 
retardant or incombustible, safety in an emergency breakage or the like can be improved. The foregoing in- 
organic glass may be made any one of a metal oxide selected from a group consisting of silica, titanium oxide, 
aiumina, zirconia oxide, magnesium oxide, tantalum oxide, molybdenum oxide, tungsten molybdenum, tin ox- 
ide, indium oxide, iron oxide, chrome oxide, aluminum phosphate, iron phosphate, silicon phosphate and their 
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mixtures. In particular, it is preferable to employ silica, titanium oxide, alumina, zirconia oxide or aluminum 
phosphate. 

- * A sol-gel method is one of adequate methods for forming the inorganic glass. However, the fact that lithium 
5 / has a low melting point of 1 81°C causes a necessity to arise for the operation of directly applying the foregoing 
material to the surface of lithium to be performed at low temperature. Since lithium reacts with water and al- 
cohol, the operation must be performed in a circumstance in which no water and alcohol is present (the case 
j^Jnfwhich the inorganic glass is previously applied to the conductive matrix or the case where the negative pole 
v^activating material is zinc are excluded). - . . O ~ . . 

to § *»ryrr Therefore, the sol-gel method, which is the typical inorganic coating method at low temperature, must be 
performed with any particular means. The raw material for the material having the inorganic glass structure 
^ is obtained in such a manner that an acid or a base and water are added to a solution of alcohol of an organic 
metal compound such as a metal alkoxide to hydrolyze the raw material so as to form, colloid particles having 
v.. metal. atom-oxygen atom bonds, and then the solvent is substituted by a non-hydric solvent except alcohol. 
t5 - * : The surface coating of the negative pole activating material is formed in a manner comprising steps of 

- directly applying the foregoing colloid solution, or applying a solution, in which a monomer or an organic poly- 
. mer or both organic polymer and a crosslinking material are dissolved in the colloid solution, and polymerizing 

it or drying and hardening it. By combining the organic polymers, strength against cracks and separations can 
be improved. If the electrolyte for forming the battery is dissolved in the colloid solution to form the film, wett- 
20 y ability with the electrolytic solution can be improved, causing ions to be moved easily. 

As an alternative to alkoxide, any one of the following organic metal compound may be employed: acetyl 
:. acetone salt, an alkyl metal compound, acetyl acetone metal salt, napththene acid metal salt, and octyl acid 
r metal salt • - . ; . . : l ii^- ^ -* .- _ . : 

The organic polymer for combining the organic polymers is exemplified by epoxy resin, polyester, polyi- 
25. mide. polyethylene, polypropylene, polyurethane, polystyrene, polyethylene glycol, nylon, fluorine resin and 
silicon resin. . ^ 

~ The polymer crosslinking, material is exemplified by diisocyanate, polyisocyanate prepolymer, block iso- 
\ cyanate, organic peroxide, polyamine, oxims, hitroso compound, sulfur or sulfur compound, selenium, mag- 
nesium oxide, lead oxide and zinc oxide. As an alternative to using the crosslinking material, a method may 
30 be employed in which radial rays or electron rays or ultraviolet rays are applied to polymerize or crosslink the 
; .- f » polymer. . _ - - . < ■ -~ r, *- * • 

-tfk%£& As.an application method, a dipping method, screen printing, spraying or a roil coating method may be 
employed. The viscosity of the liquid to be applied must adequately be adjusted to be adaptable to the appli- 
u cation method. - - : ; • r- r ; - t : - . ■ ^ 

35 In order to facilitate the movement of the charge at the time of the charging operation, powder or fiber or 

...... whisker of conductive material such as carbon or titanium may be mixed with the foregoing film forming sol- 

- ution.. , .- * . : c " : • * : ' 

It is preferable that the thickness of the film to be formed on the surface of the negative pole activating 
material ranges from 50 A to 1 00 n, further preferably ranges from 100 A to 10 \i. The optimum thickness of 
40 the film differs depending upon the density or the void ratio of the film and considerably differs depending 
upon the type of the electrolytic solution. 

The thickness of the film can be adjusted by changing the concentration of the main material in the coating 
liquid for forming the film. ' 

45 2. Polymer Film of Derivative of Aromatic Hydrocarbon Compound 

By covering the surface of the.negative pole activating material with a polymer film of a.derivative of an 
aromatic hydrocarbon compound, the reaction between lithium and water or oxygen can be prevented in the 
case where the negative pole activating material is lithium. It leads to a fact that handling can be facilitated. 

so . Further, the contact between lithium and electrolytic solution can be prevented. Therefore, the growth of a 
polymer film, which is formed from the solvent of the electrolytic solution, on the surface of lithium can be 
prevented. If the negative pole activating material is zinc, elution of zinc into the electrolytic solution is pre- 
vented by the film. ^ . : : • : 
As a result, formation of dendrite can be prevented and therefore the life against the charge and discharge 

55 , cycle can be lengthened. The derivative of the aromatic hydrocarbon for forming the charge moving complex 
with lithium is one or more derivatives selected from a group consisting of naphthalene, anthracene, phenanth- 
lene, naphthacene, pyrene, triphenylene, perillene, picene, benzopyrene, coronene and ovalene. The polymer 
for use to form the coating material can be prepared by polymerization or copolymerization of vinyl monomer, 
monomer of acetylene derivative or dicarboxylic acid and a monomer such as glycol. The polymerization of 
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the vinyl monomer can be performed by radical or ion polymerization. The monomer of the acetylene derivative 
can be polymerized while using a chloride of tungsten as a catalyzer. The dicarboxylic acid and diamine can 
be polycondensed and the dicarboxylic acid and glycol can as well as be polycondensed. The monomer of the 
aromatic derivative for forming the polymer is exemplified by 2 - vinyl naphthalene, 2 - vinyl pyridine; 9 - vinyl 
anthracene, 9, 10 - anthracene dipropionic acid, 9; 10 - bis (phenyl ethyl) anthracene and 5, 12 - bis (phenyl 
ethynyl) naphthalene: It is preferable to use 2 - vinyl naphthalene or 9 - Vinyl anthracene. • - - ' 
>> ^ Astarting material for the radical polymerization is exemplified by azobisisobutyionitryl (AIBN), benzoyl- 
peroxide (BPO) and t-butylhydroperoxide. A starting material for the cation polymerization is exemplified by 
an acid such as H 2 S0 4f H 3 P0 4 , Hd0 4 . CCI 3 or C0 2 H and Friedel-Craft catalyzer such as BF* AICI 3 . T1CI 4 or 
SnCI 4 : A large ring compound having an aromatic ring can be polymerized by dehydrogenation in which the 
Friedel-Craft catalyzer and an oxidizer are combined to each other. A starting material for the anion polymer- 
ization may be an alkaline metal compound or an organic metal compound. : ^ - ; • 1 

; As an alternative to the foregoing method, a polymer into which an aromatic group can be obtained by 
subjecting the side chain of each polymer to a substitution reaction with a derivative of an aromatic compound. 
Another method may be employed in which an electrolytic polymerization reaction is caused to take place in 
an electrolytic solution containing a monomer mixed therein to form directly a polymer of an aromatic com- 
pound on the surface of lithium. - ~ / - ' * Y -' * *• *- ^ . * 

When the surface of lithium is applied with a coating by using the foregoing polymer solution, it is prefer- 
able to use a polymer solution dehydrated and deoxidized sufficiently in inactive gas dehydrated sufficiently. 
It is preferable to use a solvent in the foregoing solution which has been dehydrated with active alumina, mo- 
lecular sheave, phosphorus pentaoxide or calcium chloride. As an alternative to this, it is preferable depending 
upon the type of the solvent that the solvent be distilled under presence of alkaline metal in inactive gas to 
remove impurities and to be dehydrated (however, the necessity of strictly controlling water can be eliminated 
when the polymer is previously applied to the conductive matrix or when the negative pole activating material - 
is zinc). 

- ' An electrolyte may previously be mixed when the foregoing film is formed. It leads to a fact that wettability 
between the electrolytic solution and the film can be improved, causing ions to easily pass through the film. 
In order to facilitate the movement of the charge at the time of charging, conductive powder, such as carbon 
or titanium, fiber or whisker may be mixed at the time of forming thefilm. - 

Since the performance of the battery deteriorates if the polymer coating film is dissolved in an organic 
solvent of the electrolyte, it Is preferable to be crosslinked in such a manner, for example, ultraviolet rays, elec- 

. trbn rays or radial rays are applied or a crosslinking material, such as a radical generating agent* is used. 
It is preferable that the thickness of the film to be formed on the surface of the negative pole activating 
material ranges from 50 A to 100>rmore preferably ranges from 100 AtolOji. - . ... 

f * The optimum thickness of the film differs depending upon the density or the void ratio of the film and 
considerably differs depending upon the type of the electrolytic solution. The thickness of the film can be ad- 
justed by changing the concentration of the main material in the coating liquid for forming the f ilm. 

'3. Organic Metal Compound : ■ : ' ' v y * X " . 

When the surface of lithium and the organic metal compound react with each other, bonding with lithium 
atoms takes place so that a film having a surface which is organic-bonded is formed. As a result, the wettability 
(the lipophilic property) is improved, causing lithium ions to be easily introduced/discharged at the time of 
the charge and discharge. Further, the surface coating film prevents the direct contact between lithium and 
the organic solvent, causing the formation, on the surface of lithium, of a polymerized film of the organic sol- 

~ vent, which increases the resistance in the battery, can be prevented. As a result, formation of dendrite can 
be prevented, and therefore life against the charge and discharge cycle can be lengthened. Further, reactions 
between iithium and water during the manufacturing process can be prevented and accordingly handling can 
be made easier. If the content of lithium in the film is high in the lithium battery according to the present in- 
vention, rapid reactions of lithium at an emergency breakage can be prevented. - 

The foregoing organic metal compound may be a material selected from a group consisting of: metal alk- 
oxide, alkaline metal compound, acetyl acetone metal salt, naphthene acid metal salt, or oxtyl acid metal salt 

~ of metal, such as titanium, aluminum, silicon, zirconium; tantalum, magnesium, indium, tin, molybdenum, tung- 
sten or germanium. Among the foregoing organic metal compounds, it is preferable to use a metal compound 
of silicon or titanium or aluminum because of easy forming of the film and excellent stability of the formed 

film. * - - 1 " ' ^ '"' ' ~ " ' 

. - The organic silicon compound may be alkoxysilane, alkyisilane, halogenated silane. siloxane, silane con- 
taining vinyl group, amino group, epoxy group, methacrylic group or mercaptal group introduced thereto, hy- 
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drogen - denatured, vinyl - denatured, hydroxyl group denatured, amino - denatured, carboxylic group dena- 
: tured, chloro - denatured, epoxy denatured, methachryloxy - denatured, mercapto - denatured, fluorine - de- 
. natured, long - chain - alkyl denatured or phenyl - denatured polysiloxane, alkylene oxide denatured siloxane 
: « copolymer, silicon - denatured copolymer, alkoxysilane - denatured polymer, silicon - denatured urethane or 
. silicon - denatured nylon. } * ^ - * $ ■ ■ - t 7 * r . 

.Jhe organic titanium compound may be aikoxytitanium, titanium chelate, titanium acylate or titanium poly- 

-jS££>--k The organic aluminum compound may be alkoxyaluminum, alkylaluminum or a halogenated aluminum. 
10 jz£&* .The organic silicon-titanium compound may be a tyranopolymer of a silicon polymer crossl inked to the 
main chain of a polycarbosilane skeleton with a titanium compound. ; ._ . . ^ - v. , ; t r * ^ 
; Also a material prepared by introducing a derivative of an organic metal compound into a polymer by sub- 
stitution may be used as the coating material., c <? c -.r.i **; . v ; ; vrr r ; i , x*- . c- - J - * - . vL% . *c 
. - . The film may^ be formed >y directly applying the organic compound or by applying it after diluted with a 
•^solvent if the organic compound is in the form of.liquid. If the organic compound is in the form of a solid, a 
solution dissolved in a solvent can be applied. The organic compound may be applied by dipping, screen print- 
ing, spraying or roil coating. The viscosity of the foregoing coating liquid must adequately be. adjusted to be 
suitable for the employed coating method. „ * - , _ . z -)« - ^ er ; : • <- ♦ 

By mixing the organic metal compound at the time of forming the film, the wettability^ the electrolytic 
solution can be improved and accordingly ions can easily be introduced/discharged at the time of the charge- 
and the discharge. Further, the movement of the charge can be made easier at the time of the battery charge 
w by mixing powder or fiber or whisker of conductive material such as carbon or titanium at the time of applying 
the organic metal compound^; . . h- ^.^'^^ : . - ^ : 4 v 

. )*J? preferable that thethickness of the film to be formed on lithium ranges from 50 A to 1 00 ji, more pre- 
ferably 100 A to 10 ji. The optimum thickness of the film differs depending upon the density or the. void ratio 
of the film and considerably differs depending upon the type of the electrolytic solution. The thickness of the 
film can be adjusted by changing the concentration of the main material in the coating liquid for forming the 
• film. 

v., .4. Fluororesin Coating Material , w c .; ; r; 3: -^vv;.^-...-,:..^;_ vr-f;:: i&j^'.^z- : 

gfs&i' Bv us ! n 9 fluorine resin of a type haying an ether bond to cover the surface of lithium, the surface, coating 
-^process can be completed easily and the contact between lithium and the film can. be improved. 
* "•: - * T he presence of oxygen atoms of the fluorine resin having the ether bond makes easier the coordination 
of lithium ions, enabling lithium ions to be moved easily in the fluorine resin. : " • : 

Further, the surface coating film prevents the direct contact between the lithium metal and the organic 
solvent, and therefore t he formation of a polymerized f i Im of the organic solvent, which increases the internal 
resistance of the battery, on the surface of lithium can be prevented. ; _ 

As a result, the formation of dendrite can be prevented and therefore the life against the charge and dis- 
charge cyde can be lengthened. ^ , ; .< c -.. .i , -i^- V -z.,; •*-.* 

By covering the surface of lithium with the fluorine resin, reactions of lithium with water or oxygen can be 
prevented, causing handling to be facilitated. , - •■. - 

t Since the fluorine resin is a flame retardant resin, it exhibits safety at thetime of an emergency fire ac- 
cident. _ - : 
- . The fluorine resin for covering the surface of lithium is exemplified by:.a copolymer with a vinyl monomer, 
such as vinyl ether, dioxysol, dioxyne or dioxycene having an ether bond with fluoroethylene ordiene monomer 
, derivative or a copolymer with a vinyl monomer, such as vinyl ether, dioxysol or dioxyne, dixycene having a 
fluorized ether bond with a diene compound, such as ethylene. In particular, it is preferable to use a copolymer 
with vinyl ether having an ether bond with fluoroethylene. The fluoroethylene may be a fluoroethylene deriv- 
„ atiye such as tetrafluoroethyiene, chlorotrif luorqethylene, vinylidene fluoride or vinyl fluoride. The fluproethy- - 

lene copolymer containing the ether bond can be polymerized by a solution, suspension, block or emulsion 
. polymerization. As a starting material, a peroxide, alkyl boron, light or radial rays may be employed. - 
The fluororesin can be coated on lithium metal by any one of the following methods. 

a. A solution of the fluororesin is applied by spraying, screen printing, by using a coater or by dipping. 

b. The fluororesin is directly coated to the surface of lithium, by a vacuum evaporation method such as 
sputtering. : , t r : « ^y.. v , , r , . ^ . r; h: tt ^ - : : - • V: 

v . , c - A polymer film is directlyjormed by plasma polymerization under an atmosphere of monomer which is 
the raw material for the fluororesin. r . - ^ rV tr . t ^ . . , . 

If the lithium surface is coated by using the fluororesin solution, it is preferable to use, in an inactive gas 
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: dehydrated sufficiently, a fluororesin solution dehydrated and deoxidized strff n ently. 
. solvent In the foregoing solution which has been dehydrated with active alumina, ^^^'^ 
phorus pentaoxlde or calcium chloride. As an alternative to this. it is f^^^^S^ZSS^- 
, the solvent that the solvent be distilled under presence of alkaline metal in inactive gas to ^remove^ .mparts 
and to be dehydrated. However, the necessity of strictly controlling water can be « M ™«*"**"£ h]um ' S 
= electrochemical* inserted and allowed to adhere between the fluorores in ^ a ^^^ bm 
An electrolyte may previously be mixed when the foregoing film is formed. It leads to a fact that wetteb hty 
, between the electronic solution and the film can be improved, causing ions to easily. pass through^h^Wm. 
i : ,„ b^der to facilitate the movement of the charge at the time of charging, conductive powder, such as carbon 
or titanium fiber or whisker may be mixed at the time of forming the film. 

^Sr^brn-no. of the battery dWtorato. If th.fluoror»»ln fllm WtaoMK. in an organ* eclvant 

of the electrolvticsolution.it is preferable that the film is crossllnked. - { »/- . " "" 
* \^ an aSatrve to the foregoing method of coating the lithium surface with 

A other method may be employed in which a flubrbcompound. such as tetraf uoroethylene « P^»£r£ 
-;, , Z ml raW materia. With plasma to be applied to the surface: It Is preferable to employ another mrfhod for 
a 1 niproving the contact and strength of the film in which oxygen, hydrogen; helium argon nrtrogen sHane hy- 
drocarbon or the like is mixed with the f luorocompound which is the main matenaWThe p a sma can effec^ely 
. generate* byaDCorRFg^^^ 

2< T - 'Kpr^rabie'that uie thickness of the Nm to be formed on the ^^^STS^S^^ 
r,v 100 fi. more preferably ranges from 100 Ato 10 »■ The optimum thickness of the Mm f^J^^SZ 
the density or the void ratio of the film and considerably differs depending upon the *pe a"£MnWo 
^solution. The thickness of the film can be adjusted by ^n9»e««^^^< rf «he mam matenal ,n the^ 

25 - coating liquid for forming the film.'* ^-x^ ">-V< ■ " *-••"••"*;•" . v ..l . .. 

5; Large Ring Compound ' ; r ;> 

By coating the surface of the negative pole activating material with a large ring compound througt .which 
ions for use in'the reactions in the battery can be passed, the reactions between lith,um and 
can be prevented if the negative active material is lithium. As a result, handling can eas.ly be performed. Fur- 
XthS 

of a pofymer film on the surface of lithium to be formed from the solvent of the electrolytic solut.cn can be 
P^vemeT. ^negative pole activating ma^ 

can be prevented. As a resuMhe formatibn of dendrite can be prevented, causing the l.fe aga^ 

r--r and discharge cycle can be lengthened,' ' . ^ '. , nna . mnr « tunes 

•r - . .The large ring compound is a large ring compound having heteroatoms composed of one or more ypes 
of atoms seLJf rem V group consisting of oxygen, nitrogen and sulfur. ^* rto ™"™*«»^*' 
- reactions in the battery to be passeci satisfactorilyi a compound having one or more str urt " re t " e '^ t ^ : , 
«, a group consisting of ring polyether. ring polyamide. ring polythioether. azacrown ether. "^"^^ 
rown ether, cryptend. cycrum. nonactyne and bariomicine each having a hole havmg a rad.um lager than he 
Sm of tons to be use^d in the reactions in the battery, thyracrown. cyciodextrin. cyclophane. ph Jarocyamne 
-. and porphyrin each of which is crown ether having silicon atoms. It is preferable to use crown ether polymer, 
bariomicine, phthalocyanine or porphylin. «j 
« ~ .r. By covering the surface of the negative pole activating material with the large nng compound the rnoye- 
? V ment of ionsfor use in the battery reactions between the electrolytic solution and the negatrve do le actr.at.ng 
l material can be made easier. Therefore, local generation of zinc or lithium dendrite on tta nag** > pole can 
. be prevented. Further, reactions between [fresh lithium or zinc generated atthet ime of the ch^ 

solvent of the electrolytic solutibn can be prevented.- - ! ■ J ^ n . 0 . anan t 

so- > The surface coating of the large ring compound to be applied to the surface of the negate actrve agent 
^ can be performed in any of the following methods. '"' . „"'. .'."J ,. ■■ ■' = A io a „nii«rf 

a.Apolymersolution obtained, by polymerization, from the deriv^ 

by dipping, spraying, screen printing and coater coating. J — ; • - * ie 

..." b A mbcture of the binder polymer and the derivative of the large ring compound is apphed. and then rt » _ 

55 - crosslinked so that the film is formed.- ' ' ^1.^1 crt i llt ion an 

c The Jerivafrve of the large ring compound is. as a monomer, d.ssolyed in an electrolyse solut.on an 
c • elect,- - field is applied to the solution, and then the film is formed on the surface of the negaUve pole 

activating material or the conductive matrix by electrolytic polymerization. ' ; r 

.: w ' d. Lrthium is immersed in a solution of the derivative of the large ring compound, which can be anion- 
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polymerized by lithium, so that the polymer film is formed. -\.-. fl -^ 
e. A polymer is applied, the polymer being obtained by heating and condensing a large ring compound hav- 
ing an aromatic ring and formaldehyde in a formic acid, .j ^- , : 
5 J. Jhe film is formed by sputtering the large ring compound or the polymer of the same or by plasma-poly- 
. ' t _ merizing the same. ; . . :. r t ... * -r- . s : • 
1 1 V An electrolyte may be mixed at the time of forming the foregoing film. As a result, the wettability between 
*7 the electrolytic solution and the film can be jmproved/causing tons to be easily passed through the film. In 
"r,\ order tfffacilitate the irwvement^ P?wder or fiber onwhisker 
10 / of conductive material such as carbon or titanium may be mixed at the time of forming the film. - . - 
^ Kr As the polymer for use in the coating solution, poly [(dibenzo - 18 - crown -jjf) ^^ coformaldehydel or the 
like can be used. A polymer for coating can newly be prepared by the following polymerization reactions. By 
condensation polymerization of a large ring compound having, at the tor mi nat ive group thereof, carboxylic 
^~ group or amino group or a hydroxyl group, polyamide can be obtained if the carboxylic group, and the amino 
is, group react with each other. Polyester can be obtain the carboxylic group i and [ the hydroxyl group react , 
with each other. The vinyl compound of the large ring compound or cliene of the large ring compound enables 
„ .... ah additive polymer to be obtained by radical polymerization, cation polymerization or anion polymerization. 
. . .The starting material of the radical pofymerizatlon may be azobisisobutyinitryl (AIBN), benzoyiperoixde (BPO) 
or t-butylhydroperoxide. A starting material for the cation polymerization is exemplified by an acid such as 
20 H2SO4, H3PO4, HCIO4, CQ 3 or C0 2 H and Friedel-Craft catalyzer such as BF 3 , AICI 3 , TiCI 4 or SnCI 4 . A large . 
. ring compound having an aromatic ring can be polymerized by dehydrogenation in which the Friedel-Craf t cat- 
alyzer and an oxidizer are combined to each other. A starting material for the anion polymerization may be an 
alkaline metal compound or an organic metal compound. 
: . r As the monomer of the large ring compound for use in the polymerization may be crown ether/(+) -18- 
2s]\ crown - 6 - tetracarboxylic acid, 1, 5, 9,^13717, 21 - KexathiiacycloteTrakOTan - 3, 11 - 19 - t triol, 1, 5,9, 13 - 
tetrathiacydohexadecan 3, 11 - diol, lV aza ^ 12 j crown - 4, 1 - aza - 15 -r crown - 5, 1 - aza - 18 - crown - 
I 6,1,4,10, 13- tetraxyso- 7, ^ 13VdiaMcydopentadecan, or 6, 
I 8 - dioxabicydo [3. 2. 1] -oxtane - 7 - on. As ah alternative to this, dibenzocrown ether can be used. , > > i t 

% the foregoing polymerization, a copolymer of two more types of derivatives of the large ring compounds 
30 ]' ' or a copolymer of the large ring compound and another monomer may be used as well as the polymer of the ^ 
derivatives of the large ring compounds. A polymer obtainable by introducing the derivative of the large ring 
r ^compodnd into a polymer by substitution may be employed. - ,. t . , t ,j, - . , - ; vc. -~r , 
' : When a battery is manufactured, a polymer must be selected so as not to be dissolved in the solvent of 
the electrolytic solution or the polymer"crosslinking reactions are caused to proceed so as not be dissolved 
35 * in i the electrolytic solution.^ r < / > , r , Tr . ; 1 _ . - > h^z 0°^;s c: 7C\. - - 

"Ji The derivative of the. large ring compound havingi at the terminative group thereof, carboxylic group or 
' ' amino group or a hydroxy! group or having a vinyl bond or a diene bond and a crosslinking material are mixed 
\ Jn the polymer serving as the binder/ and then the mixed material is hardened.' The crosslinking material is 
^ selected from a group consisting of disocyanate, a polyisocyana'te prepolymer, block isocyanate, an organic 
40 il peroxide/ polyamine, oxims, a nitroso compound, sulfur, a sulfur compound, seiene, "a magnesium oxide, a 
. Jead oxide and a zinc oxide. The organic peroxide is exemplified by dicumyl - peroxide, 2, 5 - dimethyl - 2, 5 
^- di - (t - butyl - peroxy) hexane, 1, 3 - bis - (t-butyl - peroxy isopropyl)*benzene,' - bis - (t-butyl - peroxy) 
3; 3, 5 - trimethyt - cyclohexahe, n-butyl -4, '4 r bis - (t-butylperoxy) valelate, 2, 2 - bis ? (t-butyl - peroxide) 
butane, t-butyl - peroxy - benzene, and vinyl - tris - (t-butyl - peroxy) silane. As an accelerating agent, a gua- 
45 nidine, aldehyde - amine, aldhyde - ammonia, thiazol, sulfonamide, thiourea, thiuram', dithiocarbamate, xan- 
['[ thate accelerating agent is used. ^ . 7. . 

Another coating method using the binder polymer is exemplified by a method in which a mixture of the 
large ring compound and the binder polymer is applied, and then radial rays, electron rays or ultraviolet rays 
Z" are applied to cause the applied material to be crosslinked.. { . , , t . . ... ^ r t - - j vc n ; ^ -,v , - - r ■ 
so As a method for covering the negative pole activating material pole by the electrblytic polymerization, a 

monomer, such as dibenzocrown ether, is mixed in the electrolytic solution, and thenjhe electrolytic polymer- 
ization is performed while'u'sihg the negative pole activating material.br the'conductive rriatrix as an anode. 
' The solvent of the "electrolytic solution is exemplified by acetonitryl (CH3CN); benzohitryl (C 6 H 6 CIM), propylene 
carbonate (PC);dimethylformamide (DMF), tetrahydrbfuran (THF), nitrobenzene (CeHsNOJ, dichlbroethane, 
55 diethoxyethane, chlorobenzene, y - butyrolactone and dioxolan and their mixture. It is preferable that the sot- 
vent be dehydrated with active alumina, molecular sheave, phosphorus pentaoxid'e or calcium chloride. As an 
alternative to this, it is preferable depending upon the type of the solvent that the solvent be distilled under 
presence of alkaline'metal in inactive gas to remove impurities and to be dehydrated. The supporting electro- 
lyte is an acid, such as H 2 S0 4 , HCI or HNO3 or salt composed of monovalent metal ion (Li + , K*, Na% Rb + or 
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Ag + ) or tetraammonia ion (tetrabutyl ammonia ion (TBA*j and tetraethyl ammonia ion (TEA;)) and Lewis acid 
ion (BF 4 -, PFe". AsFg 1 or CI<V). It is preferabje that the foregoing salt is refined by re-crystallization or .t is 
heated under lowered pressure to sufficiently dehydrate and'debxidize the salt _ . „ . . 

- As the monomer, crown ether/benzo - 15 - crown -S.* crown ether/benzo - 18 - crown - 6 aownethe^ - 
phenylaza - 15 - crown - 5, crown ether/dibenzo - 18 - crown - 6. crown ether/dibenzopyndino -. 18 : crown - 
6. crown ether/dibenzo- 24 -c^ 

- 4 7 13/16, 21. 24 hexaoxa - 1 , io - diazabicydo (8/8. 8J - hexakosan. 5, 6 - 14. 1.5; dibenzo - 4. 7. 13. 
16' 21 24 - hexaoxa -1.10- dlazabfcyclo [8. 8. 8] - hexakosan. bis [(benzo -. 15 - crown - 5 -) - 15 - ilmethyl] . 
pfme ate. crown it her/dibenzo: 30 - crown - 10. N^dibenzyi i\ t 4.i0, 13- tetraoxa- 7 «- *™V^ 
tedecan; dilithiumphthalocyanin, 4" - .njtro^ 

-il:i3- diene andtheirmixture. * v - " , , l " v . .' . ^^.^ 
»»*" ' Since the performance of the battery deteriorates if the polymer film for coyenng the surface of the neg- 
ative^ activating matertel is'dissoived in the electrolytic sojution, tt . te ^ ra ^^^ l f ^ 5d : A to 
' ; c It is preferable that the thickness of the film to be formed on the surface of lithium ranges from ,50 A to 
' 1 00 u, further preferably" ranges from 100 Ato 1 0 u. The optimum thickness of the v 11 " 1 ^* 8 ^®^"!^^.^ 
the density or the void ratio of the f ilm and considerably .differs depending upon the *pe of the ! elec^lyt.c 
Volution. The thickness of the film can be adjusted by changing the concentration of the main material in the 
coating liquid for forming the film. • ; ^ - .<.*'.' • ^'.-0 • ' ::•»:= .i.C'0;-. .-,0= J i , y O •>. 

6. Polymer (pdyphosphazene) Film in Which IjPhosphor Atoms and Nitrogen Atoms are ^ternately Bonded 
- 1 hi' a P'ho8pr»r-'Nlti^'e«'0«iblo' Bond Manner' 'TL\.' f .- r ^, j^.w J,,-,^'.- w^;-,,, rr. s,- . ... '. 

- - * The "surface of the negative pel* activating material is covered v^t h a jpolymer ^ {ppiypho^azene) .film 
? through which ions for use in the' reactions in the battery can be passed and in which phosphor atoms and 

nitrogen atoms are alternately phosphor-nitrogen double bond. As a result, lithium and the electrolytic solu jon 
do net come in contact with each other if the negative pole act ivating material is lijhium. Therefore, formahon 
of the polymer film from the solvent of the electrolytic solution on the surface of lithium, can be prevented If 
-the negative pole activating material is zinc, elution of zinc into the electrolytic solution can be prevented. As 
a result, formation of dendrite can be prevented, and therefore the life against charge and discharge cycle can 

1,8 ' smcSlithium battery according to the present invention comprises the polyphosphazene film covering 
lithium is a flame retardantfilm. safety against emergency breakage can be improved. , -•■}:;■■ 

* • The polymer for use as the covering material can be obtained by heating a dichloropolyphosphazene tnmer „ 
to 200 to 300-C and by ring-opening polymerization. The dichloropolyphosphazene trimer can be synthesced 
from phosphorus pentachloride and ammonia chloride or ammonia. Any one of the following catalyzer is used 
a'tthe time of the" polymerization: benzoic acidi sodium benzohate. 2. 6 - di - p'- cresol, water, 

nol, nifromethane: ether, heteropoly acid, sulfur. zinc, tin and sodium. Further, various type of polyorganophos- 
phazene can be obtained by substituting chloride atoms of pblydichlorophosphazene by an organic reagent . 
or an organic metal reagent. ' • ■ -* , . - ( 

If the surface of lithium is coated with the foregoing polymer solution, it is preferable that the polymer sol- 
ution dehydrated arid deoxidized sufficiently be used in inactive gas dehydrated sufficiently (however, the nec- 
essity of strictly controlling water can be eliminated when the polymer is previously applied to the conductive 
: - : matrix or when the negative pole activating material is zinc). - ; 

It is preferable to use a solvent in the foregoing solution which has been dehydrated with active alumina, 
molecular sheave, phosphorus pentaoxide calcium chloride, As an alternative to this, it is preferable 4*9*^9 
- ' upon'the type of the solvent that the solvent be distilled under presence of alkaline metal in inactive gas to 

• remove impurities and to be dehydrated (however, the necessity of strictly controlling water can te e^«ged 
when the polymer is previously applied to the conductive matrix or when the negatiya pole activating material 

* -Anelectrolyte rnay previously be mixed when the foregoing f ilm is formedJtteads to a fact that wettability 
between the electrolytic solution and the film can be improved, causing ions to easily pass through the Mm. 
In order to facilitate the movement of the charge at the time of charging, conductive powder, such as carbon 
; or titanium, fiber or whisker may be mixed at the time of forming the film:. ■-■_,.■<•, ■ 

* ■ ■ Since the performance of the battery deteriorates if the polymer coating film is dissolved In an organic 
solvent of the electrolyte, it is preferable to be crosslinked in such a manner, for example, utraviolet rays, elec- 
tron rays or radial rays are applied or a crosslinking material, such as a radical generating agent, is used. 

. . - . ^ A .u_ f.i^ f« fnrmaH nn tha curfarj* of the ngaative cole activating 

It is preteraDie mat me imCRness o> mo nun ■« w» - - -— T - 

material ranges from 50 Ato 100 \x, more preferably ranges from 100 Ato 10 p.. 
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The optimum thickness of the film differs depending upon the density or the void ratio of the film and 
1 considerably differs depending upon the type of the electrolytic solution. The thickness of the film can be ad- 
justed by changing the concentration of the main material in the coating liquid for forming the film. 

7. Other Organic Polymer Film r 

Ti^ surface of the negative pole is covered with an organic polymer containing one or more types of ele- 
ment^elerted from a group consisting of oxygen, nitrogen and sulfur and permitting iqnsjelating the battery 
reactions to pass through*. The direct contact of fresh negative active /materials precipitated during the charging 
^reactibns can i be prevented due to the foregoing cover film. Therefore, the negative pole is not covered with 
' a' substance prepared due to the reactions with the electrolytic solution and having low conductivity. As a re- 
sult, Jthe growth of dendrite can be prevented/^ t ** ? -~ *7t *' 'T rH 1, ~. 

The organic polymer containing oxygen is exemplif ied by 'cellulose, alkyt cellulose, nitrocellulose, acetyl 
cellulose, chitin, chitosan, polyethylene glycol, polyethylene oxide, polypropylene oxide, pqlyvinyl alcohol, 
polyvinyl acetate, polylactide, polylactone, poly - 3 - hydroxyalcanoate/ polyglycol acid, "poly acetic acid, poly- 
dioxanon, glycol acid - lactone copolymer, polyethylene terephthalate, polyphenylene oxide, polyether ether- 
ketone arid the like. It _[s preferable to use acetyl cellulose, chitin 6r polyvinyl alcohol.;^ 

The organic polymer 'containing nitrogen is 'exemplified by collagen, chitin, chitosan, polyurethane, poly- 
imide, polyether imide and trie like. * \\' '' /. '* ' , )\~' 

The organic polymer containing sulfur is exemplified by polyphenylene sulf IdJ, polysuifon and polyether 

^suifon."' 1 '.^''JZ- j , - . /'-V-.*". " ir'\ cr „ ;; fl ;, . v . ' 

The negative pole is covered with the foregoing organic polymer film formed in such a manner that the 
solution of the organic polymer is applied and dried and then a crosslinking reactions are caused to occur. An- 
other method of forming the fijm'may be employed in such a manner that the organic polymer is used as a 
target in a sputtering method. Another method may be employed in which a monomer serving as the organic 
polymer is plasma-polymerized to form the film. ; : 7 / * \ 

The application imay be jpompleted by dipping, spraying or screen printing. 

The crosslinking reactions can be performed by any one of the following methods: irradiation of ultraviolet 
rays, electron rays or radial rays; or decomposition of a radical generating material such as azobisbutylonitryl 
or peroxy benzoil. The reason why the organic polymer of thefilm is crosslinked is that eiution of the film into 
the electrolytic solution .must be prevented. * V' \ 1 ^^.^ 

' T^e thickness of the film must range so far as ions in the electrolytic solution relating to the battery re- 
actions are able to pass through the same. It differs depending upon the material and the void ratio of the 
film and the type of the ion. It is preferable that the mean thickness ranges from 10 A to 100 n, more preferably 
100 A to 10 n. If the ion permeability through the film is unsatisfactory, an electrolyte may be mixed at the 
. time of forming the film. . ^ 

- . If the electrolytic solutibif of the battery is a water soluble solut totfand it is not hydrophiNc, it is preferable 
to perform a treatment using a silane coupling material or a titanate coupling material to attain hydrophilic char- 
acteristics.^ 

. ^ Although the various covering materials and coating methods have been described while employing the 
negative pole activating material is directly covered with the film, another method may be employed in which 
the conductive matrix is previously covered with the coating material and then the negative pole activating 
material is introduced. " " ' *' " 

Negative Pole Activating Material " ' ■■.-••*. r 

As the negative pole activating material 101 , lithium, lithium alloy, zinc or zinc alloy is used. The lithium 
alloy may contain one or more types of elements selected from a group consisting of magnesium, aluminum, 
titanium, tin, indium, boron, gallium, potassium, sodium, calcium, zinc and lead and the like. The zinc alloy 
may containing one or more types of elements selected from a group consisting of aluminum, indium, mag- 
nesium, tin, titanium, copper, lead, tin, lithium and mercury and the like. 

The negative pole activating material for the alkali-zinc battery may be zinc, zinc alloy, zinc oxide or zinc 
hydroxide, the negative pole activating material being uniformly kneaded with a bonding material or a kneading 
solution to obtain paste. The paste is applied to a collector followed by drying them so that a negative plate 
is obtained. * " 4 . \ * \ ; " * ' ; • - - - ■ ■ - 

The bonding material is exemplified by polyvinyl alcohol, a cellulose material such as methyl cellulose or 
barboxymethyl cellulose.'a polyolefin material such as polyethylene, a fluororesin such as polytetrafluoroethy- 
lene and a polyamide resin such as nylon. . . . 
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The kneading solution may be an organic solvent such as ethylene glycol orwater containing oxo acid salt 
such as sodium phosphate or the like. ~ . • sr.-^. ^i.,^.-. 

The collector may be an iron plate applied with nickel plating and having apertures, a foam metal or nickel 

mesh or the like. c. .. , 1» y>.:~- r - c. .* 

Positive Pole , . . ...^ , r>;r v ,~,,,-.-. ^./.^ - -3; •. v •rfsWs.x r ' ~ -- sT 

material oTthe wilector. In order to easily form the positive pole activating matenal, a solvent-resisj mo ^es.n 
'such as polypropylene or polyethylene or f luororesin is used as the bonding matenal .f necessary. Inorter to 
Se^ 

Ll of the conductive powder is exemplified by various carbon, copper, nickel and trtan^m andthe l.ke. 
^Positive Pole for Lithium Secondary Battery _ n ; * . r ^ , , : \- t , * ^r.'. 

' The positive pole arti^ 
layers through whfch lithium ions caii be passed, the compound being a transition n^etal 

* exeTpimed by mang-ne^ oxide, vanadium oxide, molybdenum oxide. <*^<^^<^"™^. 
We. titanium oxide. Iron oxide, and.tungsten oxide or a metal sulfide 

denum sulfide, iron sulfide and shebrell phase sulfide <MyMo.S^ (M: metal such as omcMo nicker,). 
The transition metal element may be an.element haying partially shell d or shell f. The metal selemde « ex- 

iylene. polyparaphenyline. polyaniline. polythbphene, polypyrol and polytnphenylam.ne. The composite ox.de 
is exemplified by LiMna.xM,0 4 and LiCOxNivxOz. . ■' ■ . . ^ - - K«nHino material 

The positive pole is manufactured in such a manner that paste obtained by a dd.ng ■ ; b °^ "^•"J 
such as Methylene, polypropylene or a f luororesin. to the positive pole activating matenal 104 is pressed 
Sn^tSS&Te^)!. Elector 103. In order to improve the coMecting performance of the positive pole, .t 
is preferable to add conductive powder to the paste. - - ; -- ,. :; ■ ^ ... 

? The conductive powder may be a carbon material such as acetylene black or metal such ^ «>pper n,ckel 
or titanium. The.collector 103 may be fiber-like, porous or mesh-shape carbon matenal. stainless steel. tita- 

* ntam7nlclaircpj>pen plati . i . •••• t. ■■. .-.,:•:•.:/ -c: • « 1 ' 1 

' ' Positive Pole for Nickel-Zinc Battery' ... . . . : . _ .... -.^ , . r r-i;j \ . ' 

The positive pole of the nickel-zinc battery is categorized to a paste type pole formed by directly charging 
nickel hydroxide powder into the collector and a sintering type formed by immersing mckel hydrox.de into a 
small apertures of the nickel sintered plate. ^^,M n „ an ' 

The paste type positive pole is formed in such a manner that paste obtained by uniformly kneading an 
additive such as nickel or cobalt, with a bonding material or a kneading solution is applied to the collector fol- 

P °'%he sintered type positive pole is manufactured in such a manner that asintered plate oMydn^ 
nickel powder on the nickel-plated iron plate having apertures is immersed in a m«ed solutrcn of ^nickel sa 
serving as a main active material and cobalt salt serving as an additive and then caused to react wrfh £ alkal. 
solution of. for exarnple. sodium hydride so that nickel hydroxide is impregnated into the sintered I plate. 

Positive Pole for Air-Zinc Secondary Battery . l; . c - - 

The positive pole of the air-zinc secondary tottery is made of a material composed of an air poleV a water- 
repellent film and a diffuser paper sheet,' ... =. k L^^„U^W>hait 

The catalyzer of the air pole is prepared in such a manner that silver, manganes e 
composite oxide or platinum is added to a carbon material, such as porous carbon (artive carbon) or carbon 
black, porous nickel, copper oxide or the.like having a specific area of 200 to 1000 rrf/g. ■ 
" TWe water-repellent film is provided to prevent leakage of the electrolyte solufon passed through he aj 
pole to the outside of the battery. The water-repellent film is made of a f iuorores.n sucn as PO'V^.™-; 
ethylene. The diffuser paper sheet is provided for the purpose of uniformly supplying oxygen to the overall 
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surface of the air pole, the diff user paper sheet being made of cellophane or the like. 

Azinc-bromine battery comprising the negative pole activating material which is zinc includes bromine to 
serve as the positive pole activating material. r *;;?v. • •-<■.•. 

5- r v ^ .y. ji^GO',. ti,*-: <: ."3,. r: . . ^ ,:\ * os>- we* *■: « * . «- 

, Coating of Positive Pole , ^ t _ ., ; - : : ^ . >; > . . . ' xr r * : . .r, -* ^ 

* * ^vr-^ ; :h : .yc. z's : ? ' . . " "* 

. > " ~ In order to prevent generation of dendrite causing the short circuit at the time of the charge, the surface 
of the-ipositive pole is covered with a film through which ions for use in the reactions in the batter can be 
10— : passed so that the life of the battery against the cyclic usage can be lengthened. 

The coating material may be a polymer of the derivative of a large ring compound, a polymer of the der- 
ivative of an aromatic hydrocarbon, fluororesin, silicon resin, titanium resin, polyolefin, inorganic oxide; nitride, 
t v carbide or halide. It is effective to improve the safety of the lithium secondary battery to cover the positive 
" pole with a flame retardant or non-c»mbustible material, such as fluororesin, polyphosphazene, an inorganic 
15 oxide, nitride, carbide or halide. . r---.-- ::r - r .v v v - r ;; . or;* >.i>.v. -s:.- - 

.If the film through which ions for use in ,the. reactions in the battery can be passed is a multi-layer metal 
oxide film formed by using a bimolecular film as a mold, an effect of a separator can be obtained and an effect 
v ^ . of preventing the short circuit between the negative pole and the positive pole can further be improved. 

20< • Electrolyte v: \- . - T ; - .* t : ; - > ; ; * ■r^si&i:&~. . «' r * c) 

The electrolyte is used as it is or in the form of a solution in which it is dissolved in a solvent or after it has 
been solidified by adding a gelatinizing material, such as a polymer; to the solution. Generally. an electrolytic 
soltuion, in which the electrolyte is dissolved in a solvent, is held in a porous separator. 
25 The conductance of the electrolyte must be raised as much as possible because it relates to the internal - 
resistance of the battery and considerably affects the current density at the time of the charge and the dis- 
charge. It is preferable that the conductance at 25°C be 1 x 10- 3 S/cm or higher, more preferabley 5 x 10- 3 
, r> S/cm or higher. 0 4 - s-. ;_ L ^^„ : ::.^* v " * v*.- - , 

aqZ Dn a Case Where Negative Pole Art iyating Material is Lithium or Lithium Alloy] . 

T^e electrolyte is made of an acid, such as H^O* HCI or HN0 3 , a salt composed of Lewis acid ion (BF 4 ~, 
^rpF 6 --AsF 6 ;or CI0 4 -) or their mixture* Further, positive ions, such as sodium ions; potassium ions, tetraalky- 
* * lammonium ions, and the Lewis acid ions may be used together. It is preferable that the foregoing salt is heated 
35 under lowered pressure to sufficiently dehydrate and deoxidize the salt 

The solvent of the electrolyte is exemplified by acetonitryl (CH 3 CN), benzonitryl (C 6 H 5 CN), propylene car- 
bonate (PC), ethylene carbonate (EC), dimethyl formamide (DMF), tetrahydrofuran (THF), nitrobenzene 
.. (C 6 H 5 N02), dichloroethane, diethoxyethane, chlorobenzene, y -. butylolactone, dioxolan, sulforan, nitrome- 
thane, dimethylsulf ide, dimethylsuloxide, dimethoxyethane, methyl formate, 3 - methyl - 2 - oxydazolidinone, 
40 2 - methyltetrahydrofuran, sulfur dioxide, phosphoryl chloride, thionyl chloride, sulfulyl chloride, dimethyl for- 
mardehyde, y- buthiolactone and tetrahydrofuran and their mixture. * r . ( . 

It is preferable that the foregoing solvent be dehydrated with active alumina, molecular sieves, phosphorus 
pentaoxide or calcium chloride. As an alternative to this, it is preferable depending upon the type of the solvent 
that the solvent be distilled under presence of alkaline metal in inactive gas to remove impurities and to be 

45 - dehydrated. ... : . • - <- r ; - -.si- - v /- • 

\ : . . It is preferable to gel the electrolytic solution to prevent leakage of the electrolytic solution. As the gelling 
X material, it is preferable to use a polymer of a type which swells when it absorbs the solvent of the electrolytic 
solution, the gelling material being a polymer exemplif ied by a polyethylene oxide, polyvinyl alcohol and an 
. polyacryl amide. .. . -:• - / ; . 

so - . . . *. ~>.C-'*'S ' ■ \' r '-t:*i 

[In a Case Where the Negative Pole Activating Material is Zinc or Zinc Alloy] - 

, As the electrolytic solution, salt of alkali or zinc borate is used which is a sole 'or a mixed solution of po- 
tassium hydroxide, sodium hydroxide, lithium hydroxide or ammonium hydroxide. . . ^ v 
55^ < It is preferable to gel the electrolytic solution to prevent leakage of the electrolytic solution. As the gelling 
material, it is preferable to use a polymer of a type which swells when it absorbs the solvent of the electrolytic 
- solution, the gelling material being a polymer exemplified by a polyethylene oxide, polyvinyl alcohol and an 
polyacryl amide. t . ? ^ 

In a case of a battery such as a bromine - zinc battery except for the alkali battery, a salt such as zinc 
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borate is used. . . ' — '- -- \. . . AOk 
■ ■"• The solid electrolyte is manufactured in such a mannerthat a polymer compound of a polyethylene oxide 
(PEO) type and salt of the electrolyte are dissolved in the foregoing" non-water-soluble solvent to be gelled 
s and then they are developed on, for example, a flat board to evaporate the non-water-soluble solvent The 
PEO polymer compound is exemplified by polyethylene oxide or a poly (methoxyethoxyphosphazene) cross- 
linked by polyethylene oxide or isocyanate. . . , _ 

t a»hu* Tne electrolytic solution for the alkali-zinc secondary battery may be a solution of sodium hydroxide, po- 
• tessium hydroxide or lithium hydroxide or their mixture.' - • " . 

Separator*-* • ' ' • . ,. . > „ ... . . .. •.. . 

- ^ The separators (108. 208 arid 308) are provided to prevent short circuits between the positive pole and 
tlie negative pofeYThey also act to hold the eleetrbytic solution. - " ■ ' - . • ,.. vl 

is The separator must meet the following conditions. Ji , . ' 

irv. • . ( i) fhe separator cannot be dissolved in the electrolytic solution arid must be stable with respect to the 

: ■• -same"' v; «' 4 ' ' ■■■■^•^^^■^ ' " ! - : - • • - . •»*••• • r - ; -''- 

1 f (2) The separator is able fe'absorba large quantity of the electrolytic solution arid must exhibit satisfactory 

holding force. . . . , 

20 (3) The separatormust have small apertures through which lithium ions and hydroxide ions can be passed. 
(4) The separator must have small apertures each having a size which is able to prevent the penetration 
of dendrite: * : * ^■■•^'^> >■ : -- / * ' j - " : - - - ■'■ " . * " 

c - (5) The separator must be mechanically strong so as not to be broken or deformed excessively when rt is 

wound. .■-—<-k- - _ 

25 r f " r " the material that is able tb'meet the foregoing coridittons is exemplified by a unwoven fabric or a micropore 
~ v ' : structure of glass, | polypropylene, polyethylene, or fluororesin/ ^^^^^ 

• Also a metal oxide film having small apertures or a resin film formed by combining metal oxides may be 
used If a metal oxide film in the form of a multilayer structure is used, dendrite cannot easily pass through 
it and therefore an effect of preventing the short circuits can be obtained. If a f luororesin film which is a flame 
so retardant or a glass or a metal oxide film which is a noncombustible material is used, the safety can further 

t - .-*:'s£^eelect^^ of the alkalizinc secondary battery is a water-type solvent, a hydrophilic 

separator must be used which is exemplif ied by a non-woven fabric or a micropore structure of nylon, poly 
- propylene or ■hydrophilic polypropylene. . ;' J . ..... 7. u 
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• Collector . ,-. '*''"*'. 7V' ^ C '7 " I • .". "• 
-•- collectors .100. 103. 200 arid 300 are made of fiber, porous or mesh-like carbon, stainless steel, titanium, 

• ' nickel. copper.'platiriuni^orgoldlJ '' ' .,. . ' ? . - ; , . I ' . 

Shape and Structure of Battery .. . . . " . . 

The battery is formed into a flat, cylindrical, square (rectangular) or a sheet shape battery. The spiral and 
"cylindrical structure is enabled to have a large electrode area by winding while interposing the separator be- 
45 tween the negative pole and the positive pole so that a large electric current can be caused to flow at the 
time of the charge and the discharge. The rectangular type battery enables an accommodation space for ac- 
commodating the secondary battery to be used effect ively. The structure may be a single-layer structure and 
a multi-layer structure. 0 ' .. . . . „ 

Figs 2 and 3 illustrate the schematic cross sectional views which respectively illustrate an example of a 
so single-layer flat battery and a spiral and cylindrical battery. Referring to Figs. 2 and 3. reference numeral 201 
and 301 represent negative poles covered with films, and 200 and 300 represent collectors for the negative 
poles 201 and 301 . Reference numeral 203 and 303 represent positive pole made of the positive pole activating 
material. Reference numeral 304 represents a collector for the positive pole, and 206 and 306 represent neg- 
ative terminals (caps for the negative poles 201 and 301). Reference numeral 207 and 307 represent outer 
55 cases (cases serving as positive pole cases and battery cases). 208 and 308 represent separators which hold 
the electrolytic solution. 210 arid 310 represent insulating packings, and 311 represents an insulating plate. 

Referring to Fig. 5, reference numeral 5201 and 5301 represent lithium members subjected to surface 
treatment in the structure shown in Fig. 5. reference numeral 201 and 310 represent lithium members sub- 
jected to surface treatment 
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, The batteries shown in Figs. 2 and 3 are manufactured in such a manner that the separators 208 and 308 
are held between the negative poles 201 , 201 subjected to the surface treatment and the positive poles 203 
and 303 to be placed In the positive pole cases 207 and 307 followed by injecting the electrolytic solution. 
5 - Then, the negative pole caps 206, 306, the insulating packing 210 and 310 are assembled so that the batteries 
%v;: are manufactured.^ > •" - - - 

- In the case of the lithium battery, it is preferable that the preparation of the material and assembling of 
the battery are performed in dry air from which water has sufficiently be removed or in a dry inactive gas. 

5yt^. ftsyrv -rr . , ■ ■ .*£ . *. z . -.v. - ; ^c^rv 

10 Battery Case (Outer Case) ~ v.- - r.-v y - - - -■ - 



t*'r:- r The battery case may be a metal outer case also serving as an output terminal or a plastic resin case. 
cJ - The positive pole cases 207, 307, the negative pole caps 206 and 306 are made of stainless stell, and in 

r particular, titanium clad stainless steel or copper clad stainless steel or a steel plate applied with nickel-plating. 
is, r : i l i ' Although the structures shown in Figs. 2 and 3 comprises the positive pole cases 207 and 307 also serving 
- as the battery cases and the output terminals. The battery case may be made of metal such as aluminum or 
-<vi7 zinc, plastic such as polypropylene or a composite material of metal, glass fiber and plastic as well as the stain- 
* less steel., \j :• » - • . ^ •_ . • ; • : . ; .;-.^;cv_ 

v c • . ■ • ' . - - . • .a .„ 

20 Insulating Packing . ■ ~ 

u . The insulating packings 210 and 310 may be made of fluororesin, polyamide resin, polysulfon resin or rub- 
ber. C ' : 

•* , * ** ■* " 

25 Cap ; . •'; ••. ♦ .. v . * c « . '. V " r< ' :, f . i -,- 



The capping method may be a bonding method, welding method, soldering method or a glass sealing 
method as well as a caulking method using a gasket such as an insulating packing. 

30*<. Insulating Plate ...... . „ . - -. . ..-, r .j » ; ■ ■ 

38* t:^>The insulting plate 311 for insulating the inside of the battery may be made of an organic resin or ceramics. 



1 "vu? 



35 



Safety Valve 



: *. -. A safety valve (not shown in Figs. 2 and 3) using rubber, a spring or a metal bail may be used to serve as 
a safety means to act if the internal pressure in the battery has been raised. 

The basic structure of another embodiment of the lithium secondary battery according to the present in- 
: vention comprises a side opposing at least the positive pole, the side being composed of a lithium negative 
40 pole subjected to treatment using a reactive gas containing nitrogen or halogen, a separator, a positive pole 
activating material, electrolyte and a collector. Fig. 5 is a basic structural view which illustrates the lithium sec- 
ondary battery according to the present invention. Referring to Fig. 5, reference numeral 100 represents a 
- collector for a negative pole, 101 represents a negative pole activating material (lithium or lithium alloy), 102 
represents a surface treatment layer for the lithium portion, 103 represents a collector for the positive pole, 
45 104 represents a positive pole activating material, 105 represents an electrolytic solution, 106 represents a 
* r negative terminal, 107 represents a positive terminal, 1 08 represents a separator, and 109 represents a bat- 
. - w tery case. In the discharge reactions, lithium ions in the electrolytic solution 105 are introduced into the in- 
terlayer of the positive pole activating material 104. Simultaneously, lithium ions are eluted from the lithium 
negative pole 101 into the electrolytic solution 105 by way of a treatment-applied surface 51 02. In the charging 
so . reactions, lithium ions in the electrolytic solution 1 05 are, lithium metal ions are precipitated to the lithium neg- 
, ative pole 101 by way of the treatment-applied surface 5102. Simultaneously, lithium in the interlayer of the 
. positive pole activating material 104 is eluted into the electrolytic solution 105. 
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Surface Treatment for Lithium Negative Pole , 

The nitrogen compound for treating the surface of lithium or the lithium alloy is exemplified by nitrogen, 
ammonia^and nitrogen trifluoride. If nitrogen is used as the nitride, it must be activated as to be formed into 
a plasma form by DC or high frequency discharge or by laser beam application. Also other nitrides are enabled 
to have improved reactivity when formed into plasma. : - 

17: 
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, The halogen compound is exemplified by fluorine, chlorine, bromine, iodine. ^^^^tZ^ 
chloride hydrogen bromide, chlorine trifluoride. methane tetrafluoride, methane tetrachloride, methane to 
ZoTde metSane fluoride trichloride, sulfur hexaf luoride and boron trichloride. The inactive gas such as car. 
SrhalWe mus^ be formed into piasma as to have improved reacts It is preferable vj^^S^ 
such as fluorine, chlorine, hydrogen fluoride, hydrogen chloride or chloride tnfluonde be diluted with inactive 

hydrogenga7argongas.heliumgas.xenongasorthelikeaddedtheretotoimprovetheactM 
gaTSto ton rol the activity. The negative pole may be treated with plasma of W>^^ 
Prior to treating the surface of the negative pole so that a fresh negative pole surface is ca «sed to appear 
- ' More specifically, according to the present invention, there is provide a secondary 
in such a manner that active nitrogen plasma or fluorine plasma or hydrogen JJ3^ < 25S 
wKhthesurfaceoflithiumtocause reactions totake place, an ^^^^^^^S^^ 
"lide and allowing lithium ions to pass through is formed on , the surface -of hth,um and ^^P£" 
is used as the negative pole. As a result, the direct contact of lithium precipitated at the time of the charge 
. with Se elecTrol^c soluSon is prevented so that the generation of dendrite at the time of the charge ispre- 
^nted. Therefore, a lithium battery exhibiting a long life against the charge and ^'^^a^tons £ 
teined. Further, the application of the foregoing treatment to the surface of Irthium prevents the reactions be- 
tween lithium and water. Further, handling can be made easier. _ .v- . 

It is preferable that the thickness of the treatment layer to beformed on the surface of >>*«""«-^ 
1 0 A to 1 |i, more preferably SO A to 1 000 A. The thickness is adjusted by the reaction time or the concentration 

° f ^it ispSerabS that the concentration of nitrogen atoms or halogen atoms in the treatment layer formed 
on the surface of lithium be gradually lowered from the surface to the inside portion of lithium. 

Positive Pole Activating Material •; > ; _ . . . . . - • 

The positive pole activating material 5104 may be a material into which lithium can be introduced intc . the 
interlayehhereof the materia, being exemplified by a metal oxide such as a nicke. 

oxide iron oxide, vanadium oxide, manganese oxide, molybdenum oxide, chrome ox.de or tungsten ox.de. or 
Tme^ZZ .such as molybdenum sulfide, iron sulfide or titanium sulfide, a hydroxy such as oxy .ron hy- 
droxide, or a conductive polymer such as polyacetylene. polyaniline. polypyrol or P 0 '*^".*™- 

In orderto make easier the formation of the positive pole activating material. s ^ ent - r ^ , " 9 er ^' 
as polypropylene, polyethylene or f luororesin is used as a bonding material if necessary. In ord ler tc further 
fa^Stete^iection of electric current, it is preferable to mix conductive powder at the time of molding the pos- 
itive active material. The conductive powder may be carbon black, copper, nickel or .tan.um. — 

HP, 8 illustrates an example a pattern of stacked layers according to the present invention ,n which a con- 
duct^ layer, a semiconductor layer and an insulating layer are formed between the 
separator. Referring to Fig: 8. reference numeral 001 represents a negative pole. 002 represents a dendnte 
003 ^Presents the conductive layer or the semiconductor layer. 004 represents a separator 005 represents 
an insulating layer. 006 represents an electrolytic solution, and 007 represents a positive pole. - - 
: F g. 8 is a schematic view which illustrates an effect of the present invention in •"/^ n "?JJ£ 
insulating layerthrough which lithium ions can be passed and a conductive layer are stacked on the surface 

' ^ ofth ;^ 

in which the current density is high is locally generated on the negative pole 001 depending upor .the prejec- 
• • tons and pits of the surface and upon the thickness of the insulating film. Lithium (or zinc) ,s 
'r cipteted. causing the dendrite 002 to grow. With proceeding of the charging or dechargmg ^£*2S 
002 reach the conducts layer 003. When a short circuit state between the dendnte 002 and the <^»*"» 
layer 003 is realized, the current density at the negative pole is lowered at the time of the ch^nmta, 
the furthergrowth of the dendrite 002 is prevented, and therefore penetration of the dendnte 002 through the 
«;eoarator 004 to reach the positive pole 007 can be prevented. . , 

P By covering the negate pole with the ion permeabie insulating layer 005. active Hth i^^rzinc) prec, oh 
tated at the time of the charge cannot easily react with the electrolytic solution. Therefore, the generation of 

the growth of the insulating film can be prevented. • ' - ' ' - ' - ' _ : _ 

. Figs.9Ato9Hillust ra tevariousexamplesinwhichoneormoretypesoflayersselectedfromthe^ 

y ^ , fArmoH hotwoon the neoative oole and thesep- 

meable conductor, semiconauctor ana msuiduny n.avo..o. — * ~ ° - ■ rtrftC «nt in- 

arator. Reference numerals shown in Figs. 9Ato 9H are the same as those shown .n F.g. 8. The present .n- 
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vention is not limited to the structure shown in Figs. 9A to 9H. 

It is preferable that the conductive layer to be formed between the negative pole and the separator be 
made of carbon, Ni, Ti, Pt Al. Pb, Cr, Cu, V, Mo, W, Fe, Co, Zn or Mg, more preferably made of carbon, Ni or 

... . , , |f sem j Conc j uctor | ayer | s f orm ed in place of the conductive layer, a similar effect obtainable from the 
conductive layer can be obtained. If the semiconductor layer is employed, the current density at the time of 
„the gcflwth of dendrite is higher than that in the case where the conductive layer is formed. However, the con- 
^^ductiytty is lowered as compared with the case where the conductive layer is formed. Therefore, an advantage 
to'' can be'realized that the easy conduction with the positive pole is prevented.', , \ , ^ v 

The semiconductor layer may be made of diamond, Si, nickel oxide, copper oxide, manganese oxide, ti- 
tanium oxide, zinc oxide, zirconium oxide, tungsten oxide, molybdenum oxide or vanadium oxide. 
f *^ The insulating layer may be made of a ha I id e such as lithium fluoride or magnesium fluoride, a nitride such 
as silicon nitride, a carbon such as silicon carbide, or a polymer such as polyethylene, polypropylene or fluo- 
15 roresin. - „ . 

The forming method and materials of the conductive layer, the semiconductor layer, the insulating layer 
and the composite layer will now be described. When lithium is used, the fojlowing two desires must be met. 
If water is left in the raw material, water and lithium react with each other. Therefore, water must be pre- 
" vibusly removed by a method by dehydration using active alumina, molecular sheave, phosphorus pentaoxide 
20 or calcium chloride.. If a solvent is used, it is sometime preferable that the solvent be distilled under presence 
of alkaline metal jn inactive gas to remove impurities and to be dehydrated. 
' [ 'i ' The temperature at which the foregoing layer is applied to the surface of the negative pole must be lower 
* ' than a level at which the negative pole activating material, is melted. , if / — V ^ l 

25 . . Conductive Layer . ........ .. ; - .-«v - 

~ As a typical example of the conductive layer, manufacturing method of carbon conductive layer or a metal 
conductive layer made of, for example, Ni or Ti, will now be described. r * . " , 

30 Carbon . -,..*. r 

The form of the carbon crystal is categorized to crystal, amorphous, and a mixture of them. The carbon 
to be^applied may be carbon powder or carbon fiber or a carbon paper sheet or the like obtainable by paper 
^machining. . .. ^ - 

35 Jh? surface of the_ negative pole can be covered with carbon by any one of the following methods. 
^ ( 1 ) A solution' obtained by uniformly dispersing carbon powder or carbon fiber in an organic solvent such 
as toluene or xylene is, under inactive atmosphere of Ar, is applied to the surface of the negative pole by 
a spraying method, screen printing method, a coater method or a dipping method followed by drying the 
solution, and then carbon are pressed against the surface. 
40 (2) The carbon paper is stacked on the surface of the negative pole, and then the carbon is pressed against 

the surface. : ( , . 

(3) A vacuum evaporation method such as sputtering using carbon as the.target is performed so that the 
. V" \ surface of the negative pole is covered with carbon. 

~ (4) ACVD (Chemical Vapor Deposition) method is performed under the presence of an organic compound 
45 which is the raw material of carbon so that the negative pole is covered with carbon. 

In the foregoing coating method, the carbon powder or the carbon fiber must be pressed against the sur- 
face so that the contact is improved. The pressing work is performed by using a pressing machine or a roller 
press. The temperature at the time of the pressing work must be lower than a level at which the negative pole 
activating material is melted. It is preferable that the thickness of the coating range from 10 to 100 nm, more 
so preferably from 50 mm or thinner in order to prevent reduction of the quantity of the contained negative pole 
activating material. . . „ - • — 

The pressing method to be performed after the carbon paper has been stacked may be a method using 
a pressing machine or a roller press, a method in which the positive pole plate and the negative pole plate are 
wound while interposing the separator, and a method in which winding pressure or stacking pressure is applied 
55 while interposing the carbon paper at the time of stacking the carbon paper. The latter method is able to elim- : , 
inate a process of previously pressing the carbon paper against the negative pole and the carbon paper can 
be pressed in the winding or the stacking process. It is preferable that the carbon paper having a thickness 
ranging from 150 to 300 |im be pressed to have a thickness ranging from 75 to 1 50 

The sputtering coating method is performed in such a manner that carbon is used as the target in an in- 
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active atmosphere of argon and DC or RF discharge is performed so that the surface of the negative pole is 

C °TeSma?erta. of the CVD carbon coating method may be saiurated l^roc^ ^^i^. 
unsaturated Sdr^arSon such as acetylene, ethylene, propylene or benzene, carbon i^*M« 
222&t&~i«l* is exemplified by a method using plasma, laseror heating filarnenUt rs prefer- 

r a hto thot the thickness of the carbon applied be 1 jxm or thinner, more preferably 1000 A. . _ 
8 .nthecaseoS^ 

«r Jbc LweTiurce The high frequency source may be a usual band source such as radio frequency (RF), 

source. ~ ''7.'"' .''■■■■■<■ s'^i Cxyjl ■ ■ ''f'l' %ii ; r: ^iv vrs 

Metal Such as Ni or Ti k0 ■«,.. a:.f. "j . -"-i-v: r ;^'n j'*nMt^^ 

Th B "metai such as Ni brTi te applied to the surface of the negative pole by a sputtering method as Ismv 
pioy3to^SS^ meSpd. an electron beam evaporation method or a cluster, ionbeam evapor- 

twollm^re kinds of targets are used to perform either or both of the targets are subjected to ^he sputtenng 

proC essT^s^^^ 

The CVD coating method employs the following materials as the raw materials. 

IstherL^ 

Kted to bubbling in a carrier gas (hydrogen or the like) and then the solution is introduced into the CVD re- 
action chamber to cause the CVD reactions to take place so that coating is performed. 

Wher ^composite film of Ni and carbon is formed, a hydrocarbon such as methane is used together w.th 
a metal compound. 

- Semiconductor Layer ' . " .'_ '!"" . ' ... ,. c ,- ... .-. , ;■ ■ ■. .<.; .mr.-r- <* " ( - ; r ' 

The semiconductor layer is exemplif ied by diamond. Si. nickel oxide, copper oxide, cobalt oxide, manga- .. 
n^^xTJSSuS^'Snc oxide zirconium oxide, tungsten oxide, molybdenum ^e or vanadium oxide. 
The ^a«ng Shod may be a sputtering method, an electron beam evaporation method, a plasma CVD meth- 
od, a light CVD method, a laser CVD method or a heat CVD method.,.,,. . ^ - t , 

Si.. . . . •• • - ■ .:■ : :--v>- • -../v^"^' " ■ 

As the taroet for use in the sputtering method, SI or the like is used. , . ,. 

■ fn \Z mrthod the raw material for Si may be hydroxide gas such as SiH 4 or Si 2 H 6 . f uonne gas such 
a9 S HF SiH FTor ^ a F orT chlorine gas such as SiHa 3 . SiH 2 a 2 or SiHCI 3 . If the foregoing raw material 

U is int^odu^d. If a composite f ilm of Si and carbon material is formed, hydrocarbon such as methane is used 
Aether with the foregoing gas. A compound comprising carbon. P or B may be adequately mixed.. , , , 

Oxide such as Nickel Oxide and Titanium Oxide u . ■ _ . . . . ; ;-• 

The nickel oxide and titanium oxide can Wprepa^ 
or titorJum oJ organic metal is dissolved in alcohol and then it is hydrolyzed. an anodic <^^""*" 
wh^rasolutionrnwhichnickelsaltortitaniumsa^ 

beam evaporation method to introduce oxygen gas into the reaction Camber. ... ..... 

5 Insulating Layer . . .-■ - i \ : : ''; 

: As the insulating layer, a halide. a nitride, a carbide or resin such as polyethylene (PE). polypropylene (PP) 
Ar .^1'?" „J2 TlL na * m * method, a souttering method, a plasma CVD method or a coating method 

is used. 
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Other resins may be used such that a resin obtained by gasifying a monomer of an organic polymer and 
by plasma polymerizing it or a resin obtained by sputtering an organic polymer or a film of an organic polymer 
b v may be used. In this case, the resin member must have small aperture through which ions can be passed and 
5 , must not react with the electrolytic solution. • _ ... . . - 1 , 

Nitride^ , - \ *z -i^rr - ' ' . ; f : ' • V:-- . 

fci,- ,athe sputtering method, a target comprising nitride exemplified by silicon nitride or lithium nitride is used. 
10, . As an alternative to this, Si or Li is used as the target, nitrogen gas or ammonia is used as the reaction gas 
and sputtering is performed in the foregoing state. < t j ^ r • - 

PEand PP . - ; . - ^ - . nlr f o^-— -c - - fT 

?5 In the plasma CVD method, SiH 4 or Si 2 H e and ammonia, nitrogen gas or NF 3 are used together as the 

, raw materials. - ... . • ;c • • ■ > -;-rt l-v-» 

r.- . : c A n t !? e sputtering method, a PE or PP target is used to perform sputtering to cover the insulating layer. 

In the plasma polymerization method, ethylene is used as the raw material in the case of PE, while pro- 
pylene is used in the case of PP. 
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Fluororesin 



~Jn the sputtering method, the target comprises a polymer or a copolymer such as polytetraf luoroethyiene, 
- ^ polytrif luorpethyiehe, vinyl fluoride, vinyiidene fluoride or dichlorodifluoroethytene. 1: :- : x ;/ 

25 _ - As the raw material gas for use in the plasma polymerization method, tetraf luoroethyiene, trif luoroethy- 
iene, vinyl fluoride, vinylidene fluoride or dichlorof luoroethyiene is used. - 

A fluororesin film having micropores can be used. . . i ; ^' . 

.... Composite Layer , : , . , .- v , : .-. :< * /; x - * 



30. 



The composite layer is selected from a group consisting of the foregoing conductor, semiconductor and 
insulating material. By using two or more types or raw materials, the composite layer is formed by a sputtering 
method of a CVD method. As an alternative to this, two or more types of powder selected from a group con- 
, sisting of conductor powder, semiconductor powder and insulating material powder are melted in a melted or 
35 dissolved resin so that the film for use as the composite film is nrianufactured. 

■ . Another structure may be employed as a preferred structure in which the concentrations (content) of the 
conductor, semiconductor and the insulating material in the composite layer are change continuously or dis- 
continuously in the direction of the thickness of the layer. - ^ 

The apertures in the layer can be formed in such a manner that an electrolyte is mixed with the raw ma- 
40 terial at the time of applying the conductor, semiconductor and the insulating material by the sputtering method 
or the CVD method to add the electrolyte into the conductor, semiconductor and the insulating material. The 
foregoing electrolyte is eluted into the electrolytic solution of the battery so that a micropore structures are 
formed in the conductor, semiconductor and the insulating material. Since lithium ions and hydroxide ions can 
easily be introduced and discharged in the micropores, the charging and discharging efficiencies can be im- 
45 proved. Since the pore has a small size, the growth of the dendrite can be prevented, and therefore the life 
against the charging and discharging cycle can be lengthened. ^ - j. r.-. 

Stacked Structure r : ' -cs* • z-cvS'. ; : vr_ l. 1: ;._ r 

50 The conductor, semiconductor and the insulating material layers may be formed into a single layer or a 

multi-layer composed of two or more layers. - *r\ ^ c . ■ nr 

The stacking method comprises a step of stacking a film selected from the group consisting of the con- 
ductor, semiconductor and the insulating material between the negative pole and the separator. The film is 
stacked on the surface of the negative pole, or stacked between the negative pole and the separator in a non- 
55 contact manner or stacked on the surface of the separator. As an alternative to this, the negative pole or the 
separator or a substance through which ions can be passed may be used as the base on which the conductor, 
semiconductor and the insulating material are stacked by a sputtering method or a CVD method. 
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Thickness 



Multi-Layer Metal Oxide - ■ 

The multi-layer metal oxide 10102 must contain one or more types of materials rf^SS^SS 
sisting of alumina, titanium oxide, silica, selium oxide, zirconia oxide. magnes.um ox.de. chrome ^de. calc.um 

^TSSSlV • -tafoxide film having small apertures and a large spec, ,c area 
and formed into a multi-layer film structure can be obtained. . ,.. . 

Method of Preparing Multi- Layer Metal Oxide ^ 

The oreoaration is usually in such a manner that a sol in which very fine particles of the «J^«J*^ 

...... svrrr rKr w =ss:^ - r ^ * r , m **. - - ™« 

^hydrophobic polymerora hydrophilic polymer and the film forming compound are dissolved in a scl- 
ent and the solution is developed so that a cast film is obtained. 

risoTution o?a p^ymer electrolyte having a charge opposing that of the ^""^SlSS 
- s mixed with a soMion in which the ionic film forming compound h dispersed so hat •^mwnMon^ 
ponton complexis obtained, and then the polyion complex is dissolved in an organ.c solvent followed by 

. IntSuSdlhieto in order to improve the mo 

Thefilmforming compound is exemplified by p - octy.oxyan|hne hydrochlonde. p ■ ^oo^ta*) P 
yazobenzene. p - (10 - octyloxy) - pT - octyloxyazobenzene dodecy - N - [p - {p - ( ™:*™^ 
Uo^enzoinL-aianinato.L g«^ 

bromide - N - 111 - hydrox - 
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yundecanoyl] - L - glutamic acid ditetradecylester, N - [11 - phospholoundecanoyi] - L - acid ditetradecylester, 
1, 2 - bis (hexadecyloxycarbonyl) ethane - 1 - sulfonic acid sodium, N - [(2 - oxo - 1, 3, 2 - oxazaphosphoryl) 
- 11 - oxadodecanoyl] - L- glutamic acid didoecylester, N - [(2 - trimethylammonio - ethylphosphbnate)unde- 
canoyl] - L - glutamic acid didodecylester, N - [(2 - ammomonio - ethylphosphonate)undecanoyl] - L - glutamic 
acid didodecyl ester and 1, 3 - hexadecyl - 2 - polyethylene glycolylgly celine. ' * - _ 

It is preferable that the surface of the multilayer metal oxide film of a non-water-soluble battery of a type 
comprising the negative pole activating material which is lithium is subjected to lipophilic treatment using an 
organic metal compound such as a silane coupling material or titanate coupling agent./ . ~ . ■■ 

In order to lower the current density at the leading portion of the dendrite at the time of the charge and 
to prevent the growth of dendrite, the surface of the multi-layer metal oxide film on the negative pole side 
may be applied with a conductive 'material by evaporation or plating. J\ n iV 7" [ ' " - J-V : - 

' Very Fine Particle Sol of Metal Oxide "\" 

— — ; — ; : -r-n — : — : \ •: » r -^ % .,<^^V- * v ■ 

- ■ • -> ; ~ i- ■ - • - • • - ; - \ ■ ' ' ' v. :v • ' - *fV..;, . " 

The dispersed sol of very fine particles of the metal oxide is usually obtained by an acid, a base and water 
are added to an alcohol solution of an organic metal compound such as metal alkoxide as to be hydrolyzed to 
form colloid of the very fine particles of the metal oxide. Thedispersion medium of the very fine particle sol 
is obtained by substituting'toan organic solvent if necessary. , . / . .. . .. • 

The alkoxide is typified by tetramethoxysilane, tetraethoxysi lane/ aluminum isopropoxide, and titanium 
isopropoxide. Another metal organic compound such as acetyl acetone complex salt, alkyl metal compound, 
acetylacetone metal salt, naphthenate metal salt or octylate metal salt may be used. , ' ~ ' v / 

The very fine particles of the metal oxide can be obtained by another method for obtaining the same from 
the gas phase reaction of the vapor of the organic metal compound or the metal. The obtained very fine par- 
ticles of the oxide are dispersed in a solvent so that a dispersed sol is prepared. -.J . , ' \ J 

If the negative pole activating material is lithium or lithium alloy, lithium ions relate to the battery reactions. 
In the case of an alkali battery comprising the negative pole activating material which is zinc, hydroxy! ions 
relate to the same. The typical battery of a type comprising the negative pole activating material which is zinc 
is exemplif ied by a nickel-zinc battery and an air-zinc battery. I' . 

By covering the surface of the positive pole 104 of the battery with a film 12102 which is made of ah in- 
sulating material or a semiconductor through which ions relating to the battery reactions can be passed, den- 
drite of lithium or zinc grown from the negative pole 101 through the separator 108 during the repetition of 
the charge and the discharge are not substantially brought into contact with the conductor or a collector in the 
positive pole 104. As a result, short circuits in the battery can be prevented, arid therefore the life of the sec- 
ondary battery can be lengthened. Further, the safety can be improved. 

Covering of Positive Pole of Secondary Battery " ■ 

As the insulating material of the coating material of the positive pole of the secondary battery, any one 
of the following materials may be used which is selected from a group consisting of a polymer of the derivative 
of a large ring compound, a polymer of the derivative of an aromatic hydrocarbon, fluororesin, silicon resin, 
titanium resin, polyoref in, inorganic oxide, nitride, carbide and halide. It is effective for the positive pole of the 
lithium secondary battery to be covered with the polymer of the derivative of the large ring compound, the 
polymer of the derivative of the aromatic hydrocarbon or the fluororesin. / 

Polymer of Derivative of Large Ring Compound 

The large ring compound is a ring compound of a type comprising hetero-atoms of one or more types se- 
lected from a group consisting of oxygen, nitrodgen, sulfur and phosphorus. The large ring compound is a ring 
polyether having hole each having a radius larger than the radius of the lithium ion. The large ring compound 
has one or more structures selected from a group consisting of ring polyamine, ring polythioet her, azacrown 
ether, ring thioether, thiocrown ether, cryptand, cyclam, nonactine, variomicine, thyracrown which is a crown 
ether containing silicon atoms, cyclodextrin, cyclofan, phthalocyanin and porphyrin compound. 

The surface of the positive pole is covered with the large ring compound by any one of the following meth- 
ods. . v - . \ . * ^ - 

a. A polymer solution obtainable from polymerization of the derivative of the foregoing large ring compound 
' is applied by a coating method such as dipping, spraying, screen-printing or coating application method. 

b. A mixture in which the derivative of the large ring compound is mixed with the polymer serving as the 
binder is applied and then crosslinked to form the film. 
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lro ^c tJ. film «. be m*M. ^^J£^Z^£*- 

each other. If the carboxylic group and the ^^^^^$^^l^be obtained in the 

The vinyl compound of the large ring ^^^^^SS^^ polymerization. The start- 
form of anaddition polymer by radical pdymen^^^^^ 

ing material in the radical polymerization »^-*J~J^ such as H^O,. 

' tyihydroperoxide. A starting material for the. cat™ ^^^^^^^ A iarge ring compound 
H% 4! Ha0 4 . CC.3CO.H and FriedeUC^t ca^ 

"T^mo^oS^ 

4,10.13 -tetra^sc > f^t > j j alternative to this, dibenzocrown ether can be used. 

compound into a polymer by substitution may be employed. ^ dissolved ihVrie solvent of ' 

When a battery is manufactured, a P 0 '^" 3 *^ 6 ^ Sused to proceed so as not be dissolved 
the electrolytic solution or the polymer crossl.nk.ng react.ons are caused^to p^eeo ^ ^ ^ ^ _ 

in the electrolytic solution. terminate group thereof, carboxylic group or 

The derivative of the large nng compound having, at ™ »^™« ** a ^ferial are mixed r 

amino group or a hydroxyl group, or having a v.nyl bond or •^J^^^SSrf* material may 
in the polymer serving as the binder, and then the m*« I n£nri J^J^* ^J^oi^ a polyiso- 
be mixed at this time. The crosslinking matenal .s ^^J™**™* "j™ a n itroS o compound. sulfur ' a 
cyanate prepolyme, block isocyanate. an ^^o^T^c pe^xkie is exem- 

suifur compound, selene. a magnes.um^ 

sSanSde. tLurea^m . a mature of the 

.arge^rS^ 

zocrown ether, mixed in the electrolytic ^°"' a ^ 

using the negate pole activating matenar or the «^£^£™£^ n> ^nate (PC), dimethyl- 



benzene, y 
It is pre 
oxide or calcium chloride 
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The supporting electroyte is an acid, such as H 2 S0 4 , HCt or HN0 3 or salt composed of monovalent metal 
ion (LP, K\ Na + , Rb + or Ag + ) or tetraammonia ion (tetrabutyl ammonia ion (TBA*) and tetraethyl ammonia ion 
(TEA*)) and Lewis acid ion (BF47, PF 6 ~ , AsF 6 " or CI0 4 ~).Jt is preferable that the foregoing salt is refined by re- 
5 L crystallization or it is heated under lowered pressure to sufficiently dehydrate and deoxidize the salt. 
- . v.- . As the monomer, crown ether/benzo - 1 5 - crown -5, crown ether/benzo - 18 - crown - 6, crown ether/N 
phenylaza - 15 - crown -5, crown ether/dibenzo - 18 z crown - 6, crown ether/dibenzopyridino - 18 - crown - 
*&• 6, crown ether/dibenzo - t 24 - crown - 8, 1, 13 - fc bis (8 -quinolyi) - 1, 4, 7, 10, 13 - pentaoxatridecan, 5, 6 - 
..^benza- 4, 7, 13, 16, 21, 24 - hexaoxa -1,10 -diazabicyclo [8. 8. 8] - hexakosan, 5, 6 - 14, 15 - dibenzo - 4, 7, 
10 13, 1 6y21 , 24 - hexaoxa - 1 ,10 - diazabicyclo [8. 8. 8J- hexakosan, bis [(benzp -J 5. -crown - 5 - ) -15 - ilmethyl] 
>.i pimelate, crown ether/dibenzp - 30 - crown - 10, N, N\- dibenzyl - 1, 4, 10, 13 - teraoxa - 7, 16 - diazacycloox- 
^ tadecan, dilithiumphthalocyanin, 4' - nitrobenzo r . 15 - crown - 5, 3; 6, 9, 14 - tetrathiabicyclo [9. 2. 1] tetradeca 
^-11. 13 i.diene and their mixture. ^ ; . * . . : / - . . „ v. rv 

. Since the performance of the battery deteriorates if the polymer f ilm for covering the surface of the neg- 
*5: T . atrye pole activating material is dissolved in the electrolytic solution, it is preferable to be crosslinked. . 
. It is preferable that the thickness of the film to be formed on the surface of lithium ranges from 1 0 A to 
1 00 n, further preferably ranges from 50 A to 10 \x. The optimum thickness of the film differs depending upon 
the density or the void ratio of the film and considerably differs depending upon the type of the electrolytic 
solution. The thickness of the film can be adjusted by changing the concentration of the main material in the 
20 ; coating liquid for forming the film. x tJ * :r : r. .r ..;.*. Lrv... : : . - 

, , Polymer of Derivative of Aromatic Hydrocarbon v ,3; , ■ - : ^ - 

As the derivative of the aromatic hydrocarbon for forming the charge moving complex is one or more types 
25 of derivatives selected from a group consisting of naphthalene, anthracene, phenant hlene, naphthacene, pyr- 
... ene, triphenylene, peri llene, picene, benzopyrene, coronene and ovalene. • , ■ ■- v 

• - „ ■ The polymer for use to form the coating material can be prepared by polymerization or copolymerization 
Vsv . of vinyl monomer, monomer of acetylene derivative or dicarboxylic acid and diamine, and dicarboxylic acid and 
glycol. The polymerization of the vinyl monomer can be performed by radical or ion polymerization. The mdno- 
30^-, - mer of the acetylene derivative can be polymerized while using a chloride of tungsten as a catalyzer. The di- 
iV carboxylic acid and diamine can be pofycondensed and the dicarboxylic acid and glycol can as well as be poly- 
jj^cpndejpsed. - ,. n <> : c - 7tV '-m-!* ;r ?. -•vr?:..: ;t "r..**;:c . ?-r;- : 

• > The monomer of the aromatic derivative for forming the polymer is exemplified by 2 - vinyl naphthalene, 
2 - vinyl pyridine, 9 - vinyl anthracene, 9 ( 1 0 - anthracene dipropionic acid, 9, 10 - bis (phenyl ethyl) anthracene 
35 t and 5, 12 - bis (phenyl ethynyl) naphthalene..- . »" -c^-- - ■<■. 

- t ^ A starting material for the radical polymerization is exemplified by azbbisisobutylonitryl (AIBN), benzoyi- 
peroxide (BPO) and It - butylhydroperoxide. _ - _ - . - : r - -/--..* 

. r _ >\ starting material for the cation polymerization is exemplified by an acid such as H 2 S0 4 , H3PO4, HCIO4, 
. CCI3 or C0 2 H and Friedel-Craft catalyzer such as BF 3 , AICI 3 , TiCI 4 or SnCI 4 ; A large ring compound having an 
40 aromatic ring can be polymerized by dehydrogenation in which the Friedel-Craft catalyzer and an oxidizer are 
combined to each other. A starting material for the anion polymerization may be an alkaline metal compound 
or an organic metal compound. _ - : * _ . . f . ;r 

As an alternative to the foregoing method, a polymer into which an aromatic group can be obtained by 
subject ing the side chain of each polymer to a substitution reaction with a derivative of an aromatic compound. 
45 Another method may be employed in which an electrolytic polymerization reaction is caused to take place in 

- r an elect roytic solution containing a monomer mixed therein to form directly a polymer of an aromatic compound 

on the surface of positive pole. t 

When the surface of the positive pole is applied with a coating by using the foregoing polymer solution, 
it is preferable to use a polymer solution dehydrated and deoxidized sufficiently in inactive gas dehydrated 
so sufficiently. It is preferable to use a solvent in the foregoing solution which has been dehydrated with active 
. alumina, molecular sheave, phosphorus pentaoxide or calcium chloride. As an alternative to this, it is preferable 
depending upon the type of the solvent that the solvent be distilled under presence of alkaline metal in inactive 
gas to remove impurities and to be dehydrated. 

An electrolyte may previously be mixed when the foregoing film is formed. It leads to a fact that wettability 
55 between the electrolytic solution and the film can be improved, causing ions to easily pass through the film. 

Since the performance of the battery deteriorates if the polymer coating film is dissolved in an organic 
solvent of the electrolyte, it is preferable to be crosslinked in such a manner, for example, ultraviolet rays, elec- 
tron rays or radial rays are applied or a crosslinking material, such as a radical generating agent, is used. 
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Fluororesin 



lene copolymer, ethylene tetrafluoride chloride, ethylene ^^-^e^TyZmoMe resin, and 
ethy^ 

r: ethylene tetrafluoride resin. ^^^^.^^^^^^^t^ with the fluororesin. 
? ploy sputtering or plasma polymerization to cover the LSe^e surface covering because they 

.? r ALngthef.uororesins.th r havingane^ having the 

% can easily be dissolved in a solven and * ' m >™^^^ ^ vlny , ether, dioxysol. 

-etherbond is exemplified by:acopolymer of ethylene flu^ 

'dioxyne or dioxycene having an ether bond or d,enemonom ^ compound, such 

su£as vinyl ether, d^ 
, as ethylene. The fluoroethylene may containing the ether bond - 

corner n.m ,s directly formed by plasma portion under an atmosphena of monomer which te 

the raw material for the fluororesin. ^.i,^ it i« Preferable to use, in an inactive gas de- 

• if the lithium surface is coated by using the « u ^'"^ , i8 preferable to US e a 
hydrated sufficiently, a fluororesin soiuUor 

solvent in the foregoing solut.on which has been ^»»J preferable depending upon the type of 

- of the electrolytic solution, it is Preferable that the film is ^ tha 

As an alternative to the foregoing method of ^^^^^^^ mono mer are usetfas the 
ether bond, another method may be 

main raw material as to be plasma-polymenzed so that the surface « co ^ ^ ^ 

the ..her bond ma, b. sput»»d to M «>»."*" t'^ZX »rfa'ea of litnlum mtgaa from 10 A to 
be adjusted by controlling the deposition time period. _ ( f - 
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may be applied. The application method may be a dipping method, a screen printing method, a spraying meth- 
od, a roll coating method or the like. The viscosity of the coating solution must adequately be adjusted to be 
adaptable to, the coating method. . . , ., r^- . \\- - . ^ 1 . . 

5, _ , :\ . -; L > - - t .-?r..^-./ 5 ..v. ft-'- ^ . ' 

w.. Titanium Polymer .Vr*:..--' v «-. * ^ ^'*i/ ,e ' ' : -o v ^^ * 

^4^5 vi Ajtjtanium polymer obtained by causing an organic titanium compound to act on an organic polymer may 
^X^T^e^ 8 ^- For example, a thiranopolymer of silicon polymer formed by crossjinking the main chain of a poly- 
?o~ carbosilane skeleton with the titanium organic compound may be used. -rrrr \ 

]^y t -c ;■• As an alternative, to the titanium polymer,- a material obtained by introducing the derivative of an organic 
metal compound, such as an organic aluminum compound, into a polymer by substitution reactions may be 
used as the coating material. ' :-r.>. 

15*<. Polyphosphazene , — -ye * ,bn vi^'nos r" • ^r*:; . - 

.<;. w -' >7 . ^& U. -ls> \- ^. .i .V, 

r , .Polyphosphazene which is a polymer in which phosphor atoms and nitrogen atoms alternately form phos- 
phor-nitrogen double bonds can be obtained by heating a dichloropolyphosphazene trimer to 200 to 300°C 
and by ring-opening polymerization.; Tf\e dichloropolyphosphazene trimer can be synthesized from phos- 
20 ~ phoais pentachloride and ammonia chloride or ammonia. Any one of the following catalyzer is used at the time 
of the polymerization: benzoic acid, sodium benzonate, 2, 6 - di - p - cresol, water, methanol, ethanol,.nitro- 
* methane, ether, heteropoly acid, sulfur, zinc, tin and sodium. .<•* : . ,. r ;. ;^;.t.v : .c . :~ ~~ >v. 
\ '.. Further, various type of polyorganophosphazene can be obtained by_substituting chloride atoms of poly- 
dichlorophosphazene by an organic reagent or an organic metal reagent;* « ^ • n.: - 
25.. r • If the surface of positive pole is coated with the foregoing polyphosphazene, it is preferable that the poly- 
r . ., mer solution dehydrated and deoxidized sufficiently be used in inactive gas dehydrated sufficiently. It is pre- 
- ferable to use a solvent in the foregoing solution which has been dehydrated with active alumina, molecular 
^ . . sheave, phosphorus pentaoxide or calcium chloride. As an alternative to this* it is preferable depending upon 
" the type of the solvent that the solvent be distilled under presence of alkaline metal in inactive gas to remove 
30 impurities and to be dehydrated. ? ^ • : ; . ^oi-r. ,r : L- vc Li. . : r -' 

c Ap electrolyte may previously be mixed when the foregoing film is formed. It leads to a fact that wettability 
^~^etween the electrolytic solution and the f Mm can be improved; causing ions to easily pass through the film. 
"^r.-^.^ : Sinw the performance of the battery, deteriorates if the polymer. coating film is dissolved in an organic 
". solvent of the electrolyte, it is preferable to be crosslinked in such a manner, for example, ultraviolet rays, elec- 
35 . . trpn rays or radial rays are applied or a crosslinking material, such as a radical generating agent, is used. 

' It is preferable that the thickness of the film to be formed on the surface of lithium ranges from 10 A to 
' _ -. .100 \i t more preferably ranges from 50 A to 10 \i. The optimum thickness of the film differs depending upon 
.J the density or the void ratio of the film and considerably differs depending upon the type of the electrolytic 
solution. The thickness of the film can be adjusted by changing the concentration of the main material in the 
40 coating liquid for forming the film. 

Polyolefin 

- As polyorefin, polyethylene or polypropylene may be used. Polyorefin is used in such a manner that the 
45 ' positive pole is dipped in a solution dissolved in a solvent such as tetrahydrof uran or o-dichlorobenzene, the 
. r .. positive pole is then dried and crosslinked by ultraviolet, electrons, radial rays or the like so that the film is 
- formed on the surface of the positive pole. y . . > / ; -v. .a ~ 

The film can be formed by sputtering or plasma CVD method. In the material in the plasma CVD method, 
ethylene gas or propylene gas may be used. ; : 

Inorganic Oxide . r , .... . ' • 

The inorganic glass is made of a material, such as silica, titanium oxide, alumina, zirconia oxide, magne- 
sium oxide, tantalum oxide, molybdenum oxide, tungsten molybdenum, tin oxide, indium oxide, iron oxide, 
55 chrome oxide, aluminum phosphate, iron phosphate, silicon phosphate and their mixtures. A sol-gel method 
is one of adequate methods for forming the inorganic glass. The raw material for the material having the inor- 
ganic glass structure is obtained in such a manner that an acid or a base and water are added to a solution 
of alcohol of an organic metal compound such as a metal alkoxide to hydrolyze the raw material so as to form 
colloid particles having metal atom-oxygen atom bonds, and then the collide solution is directly applied to the 
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nesium oxide, lead oxide and zinc ox.de employed in which radial rays or 

as an alternative to using the crosslinking matenal. a method may oej s^' 0 * 8 ...... ^ 

drofluosilisic acid to form the film. ~ . ■ ■ - ^ , y: w : . 
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. wa i fflfT rr ,„ i 'j :". fT~ . 

£ or aluminum, halide or an organic metal compound by discharge or iaser to form the f.lm. 

Carbide ' ~ 1 " /'.'^ r ,\ ■ . * ' : ■ : • . * r 

• The carbide can be obtained f roma material exemplified by amorphous carbon, silicon carbide, titanium 
carbide, vanadium carbide and tungsten carbide. ... .. .c. 

The carbide film can be formed by a similar method employed to form hs "rtnde. 
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dium or tungsten and carbon are used as the raw materials to form the film. 

The plasma CVD method and the laser CVD method respectively comprise the step of, by laser, decom- 
posing the material, such as hydrocarbon, from which carbon is obtained and a hydroxide such as silicon, ti- 
tanium, vanadium or tungsten or a halide or an organic metal compound to form the film/ 

Halide^ ~- r ^ ~ \± ■. . . 



a? : <The halide can be obtained from a material selected from a group consisting of lithium fluoride, magnesium 
10 fluoride, sodium fluoride, potassium fluoride, barium fluoride or lithium chloride. 

The halide film can be formed by a sputtering method or an electron beam evaporation method. A CVD 
. method such as the plasma CVD method or the laser CVD method may be employed. 



Semiconductor 



15 



The semiconductor for covering the positive pole is made of a material exemplified by diamond (carbon), 
.- silicon, nickel oxide, copper oxide, vanadium oxide, tin oxide and zinc oxide. lU . . - > - 
1Z , . Alkali metal, phosphorus or boron may be added as impurities.. \. - ,.\ 

The semiconductor film may be formed by sputtering, electron beam evaporation, plasma CVD or laser 
20 CVD as well as the foregoing method of forming the inorganic acid film. 



Covering of Positive Pole of Nickel-Zinc Secondary Battery or Air-Zinc Secondary Battery * 

: w The material and the method of covering the positive pole of a nickel-zinc secondary battery. or air-zinc 
25 . ^ secondary battery may be the same as those employed to cover the positive pole of the lithium secondary 
- battery. Also a polymer of a type which is dissolved in an organic solvent but which is not dissolved in water 
may be used. If the, covering material has water repellant characteristics, a hydrophilic group must be intro- 
v- duced or must be subjected to hydrophilic treatment using a silane coupling material. - . _ ■ 

30 - ; Thidcness of Film Covering the Surface of Positive Pole 



.xr^The thickness of the film for covering the surface of the positive pole can be controlled by adjusting the 
^•concentration of the solution if the surface is covered by utilizing the liquid layer reactions performed by the 
:■- polymer solution or the sol-gel method. The same can be controlled by adjusting the deposition time if sput- 
35 tering, the electron beam evaporation, the CVD method or the plasma polymerization is employed. , r 



■ . AD 

, . Aperture in Coating Film on Positive Pole Surface / 

The apertures and the void ratio of the coating film for covering the surface of the positive pole can be 
40 controlled by adjusting the concentration of the solution or the drying condition if covering is performed by 
using the polymer solution or by utilizing the sol-gel method. Further, any one of the following methods may 
be employed: a method for forming the film while causing foam to be generated by adjusting the concentration 
of the foaming material; a method having the steps of forming a film in which the content of the electrolyte is 
adjusted, and dissolving the electrolyte; a method for controlling the evaporation rate; and a method for ad- 
45 justing the mixture ratio of the reactive materials. 

If the negative pole is covered with the coating material of a type employed to cover the positive pole, 
growth of dendrite from the negative pole can be prevented. Therefore, short circuits in the battery can be 
prevented in effect obtainable from covering the positive pole. As a result, the battery cycle can further be 
lengthened. - ~ 

so Then, a positive pole according to the present invention composed of transition metal and'group 6A ele- 

ment will now be described. t 

Transition Metai Element . . .■ . ' . 



55 The transition metal element in the positive pole activating material according to the present invention 

may be an element having partially shell d or shell f and selected from a group consisting of T, Zr, Hf, V, Nb, 
Ta, Cr, Mo, W, Wn, Tc, Re, Fe, Ru, Os, Co, Rh, lr ( Ni,* Pd, Pt, Cu, Ag and Au. Any one of the first transition 
system metal is mainly used which is exemplified by Ti, V, Cr, Mn, Fe, Co, Ni or Cu. A compound of the transition 
metal and the group 6A element is manufactured by a material exemplified by the transition metal, the salt of 
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the transition metai. an oxide of the transition metal and a hydroxide of the transition metal. . 
Group 6A Element ' . ' '■" • • v .'r;-- ~ ' - ~ 

The ^U'-M* n-~ « . ''l^tSSr^aSi 

olahJSrHalldB.ha.w.^oroxid.ofsufe ■ .. . , - 

/ Additive Element : " ;^ ^' / . .:, fr? - • . ;-r rV»..-- ■ -.*.-" 

ourrlno due to Ih. introduction/diaoharg. of tth mi. «»■ can W ^"^^T^,^ rf one or mo™ " 



less. 
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M.thod of Manufacture Ccmpound of T u ition Metal and Group 6A Element ^ . ^ 

ThecompeS^ 

ufactured by any ohe of methods categorized ^^^^^^^^wS^ • ™ thod 

■ Sd a method in wnich the transition metal ^^J^^^^l'^^^ * a method com- 
The method of preparing the transition metal ox.de powder. A specific 
prising the step of baking or drying hydroxide to 

pound to prepare the powder. arfnrmBti a ,doo°C or lower more preferable 300°C or lower - 

•: r rn*cr,r^=^ 

od will now be described. , % w f ; f * _ ■ 

. Liquid Phase Reaction ... ~ t ... " - , * 

Amethod of preparing the hydroxide for use in the ma* reaction in the method of manufacturing the ma- 
terial from the solution by way of the hydroxide is exemplified by: ., j ^ - . • 

Method of Preparing Hydroxide >. - - :• :-s r . 

" „ i, orrferaM, .ha. «h. .ransLion me* M-ox.de «P~^^ 

100°C or lower. _ - - - — »: - v , r ' * ' 

Reactions between Salt of Transition Met al and Alkali 1 
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posite transition metal can be obtained. 

The salt of the transition metal is typified by a carbonate, a nitrate, a halide, a sulfate, a sulfamate, acetate, 
oxalate, critate, tartrate, formate or ammonate. --. - - ; 

5 The alkali may be lithium hydroxide, sodium hydroxide, potassium hydroxidebr ammonia hydroxide. As 

... an alternative to this, urea or thiourea may be used which raises the pH by generating hydroxide ions when 

heated., . - . ■ - + ■ . * " ' * ' 

^^^ji.b.preferable that an organic acid or inorganic acid or an amine is, in a small quantity, added or an organic 
T ^y solvent such as alcohol is added at the time of causing alkali to react with the water solution of the transition 
10 .* 7 .Metal salt in order to fine the sediment particles of the hydroxide.- t 

By vibrating the sediment with ultrasonic waves, the sediment particles can be fined. Therefore, the spe- 
. ^ cificarea can be enlarged. . ~ - . j , ,v^ v ■ 

^" Hydrolysis Reaction of Organic Transition Metal Compound - \, — .. ; ■> - 

The hydroxide of the transition metal can be prepared by hydrolyzing an organic metal compound of the 
transition metal, such as alkoxide, acetyl acetenate, octylate or naphthalate. . ,t 

.The hydrolysis of alkoxide is specifically performed in such a manner that alkoxide of the transition metal 
is dissolved by water, alcohol or ethanol amine or the like, and an inorganic acid such as hydrochloric acid or 
20 an organic acid such as acetic acid or ammonia hydroxide or amine is added. 

The alkoxide of the transition metal may be a material selected from a group consisting of Mn(OC 2 H 6 )2, 
Mn(OC3H 7 ) 2f Mn(OC 4 H 9 ) 2 , Ni(OC 2 H 6 ), Ni(OC 3 H 7 ) 2( Ni(OC 4 H 9 ) 2 , Co(OC 2 H 5 ) 2 . Co(OC 3 H 7 ) 2 . Co(OC 4 H 9 ) 2 . 
TKCK^Hs)* TKOCaHr^, TKOGtHg)* FeCOCsHsh, FeCOCaH^, Fe(OC 4 H 9 )2, OuiQOJri^ Cu(OC 3 H 7 )2. Cu(OC 4 H 9 )2, 
. . VO(OCH 3 ) 3 , yO(OC2H 6 )3. VOtpCaH^a, VO(OC 4 H 9 ) 3 and Y(OC 4 H 9 )3. i . r . ; : ' 
25 . The acetylacetonate of the transition metal is exemplified by CiKCs^'O^. Oo(O^H 7 p^z, (H 2 0) 2 , 
Co(C 6 H 7 0 2 ) 3 , Ni(C s H 7 0 2 ) 2 (H 2 0) 2 , Mn(C 6 H 7 0 2 ) 2 (H 2 0 2 ) 2 , Cr(C 6 H 7 0 2 ) 3 , VO(C 5 H 7 0 2 ) 2 . Fe(C 5 H 7 0 2 ) 3 , 
^ ^(OC^sMCsHTOfe, La(C 6 H 7 0 2 ) 3 , Y^H^* and Zs^HtO^. 

. The octylate of the transition metal is exemplified by Cu^H^COO)^ Ni(C7H 16 COO) 2 , FefC^sCOOk, 

"I Mn((^H 15 CpO) 2 , Co(C 7 H 16 Cc 0) 2 , ZrCC^gCOOfe, Y(C 7 H 16 COO) 2 , and La^H^COOfc. 
30;.^/*. . ■ The naphtate of the trans": in metal is exemplified by the saltof naphthate expressed by a general formula 
~Z ' CnH^ 2 0 2 , t hat is, cobalt naph . anate, copper naphthenate, manganese naphthenate, iron naphthenate, nick- 

'el naphthenate, vanadium nap henate, yttrim naphthenate and lanthanum naphthenate. — 
_; v . The alcohol is exempiif iec < methyl alcohol, ethyl alcohol, isopropyl alcohol, ethylene glycol and propy- 

^ iene glycol. rl /~ **Y ~'-V : ~ 

35 . 

Dehydrating Reaction - c ... r . *. 

W , . In order to obtain the oxide of : he transition metal by dehydration from the transition metal hydroxide pre- 
pared by the foregoing solution re .ctions, it is preferable that the transition metal hydroxide is immersed in 
40 an organic solvent such as alcohc. or acetone which is mixed with eater to sufficiently substitute water, and 
~ then it is dried in a vacuum state at 1 00°C or higher. As an alternative to this, heating and dehydration is per- 
formed by using microwaves. If the drying temperature is too high, crystallization is enhanced and therefore 
*' the hydroxide groups are decrease i. Therefore, it is preferable that the temperature be 400°C or lower. It is 
preferable that the frequency of the microwaves be a frequency which can easily be absorbed by water. 
45 in order to enlarge the specific r.rea, another method may be employed in which the dehydration is per- 

. . formed by freezing and drying. . . : . : 

Hydrogen Treatment _ - \ : ..u 

so Hydrogen is mixed into the dried atmosphere at the time of drying the transition metal oxide followed by 

performing heat treatment. As an alternative to this, a method is employed in which the transition metal hy- 
droxide or the transition metal oxide is subjected to hydrogen plasma treatment The hydrogen plasma can 
be generated by a hydrogen gas discharge method or by a method of exciting and decomposing the hydrogen 
gas by laser beams. ■ . . . . - " ~ 

Introduction of Group 6A Element Except Oxygen _ .. . r- 

A method is employed in which the transition metal hydroxide or the transition metal oxide is treated with 
hydrogen sulfide or hydrogen selenide or the group 6A element is mixed at the time of preparing the transition 



31 



EP0 600 718 A2 



metal hydroxide. 

Gas Phase Reaction Method 



r " Ao o mathod of DreparinQ a compound of the transition metal and the group 6A element, a gasified tran- 

mMwmmmmm 

bJU nitrated a sulfate, M«i acetate c.t.at.Mrtja* fo,^.r «™m=r 1 at.. Thechtonde ,a.««T, 

sputtering method or the electron beam method. ^. ;J 

Rapid Cooling Method 

In this case any one of the following methods may be employed: a gun method comprising the ^steps of 

S^nssssu «- hydrosen t b :/ nt ££i* ? 

It is preferable that the rapid cooling rate be 10 1 to 10 8 K, more preferable 10* to W K. 

The melting and heating furnace may be a crucible furnace, an Induction furnace, an arc furnace or 

e ' eCt T "e rTthodTcTusing the alkali to direct.y react with the transition metal is exempted by a method in 
which metal such as vanadium is caused to react with molten alkali to prepare an ox.de. . 

Conductor Core * ... _ • - '■«---.•■. * - 

the conductor powder as the core, the collecting efficiency can be ra.sed. Therefore the Ruction 

J:!-™i,, m „i^i cobalt, iron, chrome, manganese, vanadium, plafnum, parad.um. copper, s.lver. 
tin hdium.'fead.'tungsten and molybdenum, it is preferabie to use one or more types or e,ement 8 
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selected from a group consisting of carbon, titanium, nickel, cobalt, iron, chrome, manganese, vanadium and 
platinum. ~ - - - ' ' ~~ 

^The shape of the conductor powder is formed into one or more types of shapes selected from a group 
5 consisting of a spherical shape, a flake shape, a needle shape and a fiber shape. As a result, also the com- 
pound powder of the transition metal and the group 6A element can be formed into the spherical, flake, needle 
or fiber shape. Therefore, the efficiency of the electron movement between the positive pole activating ma- 
a/f;- terial can be raised, and therefore the charging and discharging efficiency can be improved.-, 
*sC * r It is preferable that the diameter of the conductor powder be 1 0 A to 100 |i when measured by an electron 
iqp microscope, more preferably 1 0 A to 1 0 \x. r ; y-> . > v ^ : ^ 

a; - Crushing of Positive Pole Activating Material :> u u ^ • c r - : . tJ : > rss - ?• J A 

f V- J The prepared positive pole activating material must be crushed as to have an adequate grain size if ob- 
is tained positive pole activating material is In the form of a block. • \su ' 

It is preferable to crush the positive pole activating material by using, while combining, means selected 
' from a group consisting of a compression crushing machine, a shearing crushing machine, an impact crushing 
machine, a roll mill, a roller mill, a high-speed rotational mill, a ball mill, ; a mediunTstirrihg 'milira jefmill, a 
mortar and a stamping mill. . Jfttr > .* V :* e*?:. ^ . *co > ^ i.;-u\ - .*.-■:!-," 

20, •• - iV .- . - ... . ■> * . ^vrJ; Tr-r- K : w:s; bcicr.:» 

Coating Film Made of Conductor , ^ - -roiw.- ■■, vrvX :u = ; :.v, r r:' -^:v^ • 

The prepared compound of the transition metal and the group 6A element is covered with a conductor thin 
v , film by chemical plating (non-electrplytic plating) or by evaporation. As a result of the foregoing process, the 
25 . current collecting eff iciency can be raised, the intr<^uctjon/discharge of lithium ion can be facilitatedjand the 
~ battery capacity can be enlarged. , . k trj no;:t-i & v> *nr.-£ r o;?- ^r-^ r 

, - . : The conductor thin film may be made of one or more types of materials selected from a group consisting 
;~ of carbon, titanium, nickel, cobalt, iron, chrome, manganese, vanadium, platinum,, paradium, copper, silver, 
^ gold, zinc, tin, indium, lead, tungsten and molybdenum. It is preferable to use one or more types of elements 
30 selected from a group consisting of carbon, titanium, nickel, qobait, iron, chrome, manganese, ^vanadium. and. 

I platinum. -r:rr 'rv'::-i 4 :; " ~ r r; -r: & r. }. me i i: 

- - ^ The chemical plating method is a method in which metal ions are deoxidized by. a deqxidizer such as for- 
maldehyde to precipitate the metal film.. r t .: \; f r n\ ..tlnun^ ^ r :^ - - - ^: J J?. : ^' " 
v .-. The evaporation is performed by any one of the following methods: a method in which vapor of. metal is 
35 f generated by electron beams or Jaser beams as to be appliedjb the subject; a method in which a carbon or . 
metal target is sputtered as to be applied to the subject a method in which hydrocarbon qrorganip solvent or 
an organic metal compound is decomposed by discharge or laser or heat as to be applied to the subject The 
decomposition of the hydrocarbon and the organic solvent enables a carbon film to be formed, while the de- 
composition of the organic metal compound enables a metal, film to be formed. ... G . v a q^- L ; ; . 
40 It is preferable that the thickness of the conductor film ranges from 50 A to i \i. * ;jr . : : : jr 

Lipophilic Treatment - - •> v> 

The positive pole activating material is subjected to the lipophilic treatment in such a manner that the or- 
45 ganic metal compound is immersed in a solution, in which an organic solvent is dissolved, and then it is dried. 

It is preferable that the organic metal compound for use in the lipophilic treatment be an organic metal 
compound such as silane coupling material or organic titanate. If dilution is performed, the dilution concen- 
tration with respect to the solvent ranges from 0.05 to 2 wt%. 
. .... The silane coupling material is exemplified by yinyltrimethoxysilane, vinylethoxysilane, N I - (2 - aminoe- 
so thy!) 3 - aminopropylmethyl dimethoxysilane, N -(2 - aminoethyi) 3 - aminopropyitrimethoxysilane, 3 - amino- 
propyltriethoxysilane, 3 - glycidexypropyltri met hoxysi lane, 3 - glycidexypropylmethyidimethoxysilane, 2 - (3,4 
. -epoxycychlohexyl) ethyltrimethoxysilane, 3 - chloropropylmethyldimethdxysilane, 3 - chloropropyltrimethox- 
ysilane, 3 - methacryloxytrimethoxysilane, 3 - merca ptotri met hoxysi la ne L a nd N - [2 -(vinylpenzilamino)ethyl] 
- 3- aminopropyitrimethoxysilane. *- . - : . ; - . :r- ; ^- oi «- j -^r . : 

55 The organic titanate is exemplified by tetra - i - propoxytitanium, tetra - n - butoxytitanium, tetrakis (2 - 

ethylhexyloxy)titanium, tetrastearyloxytitanium, di - i - proxy.bis (acetylacetate)titanium, dihydroxy : bis (lacta- 
. to)titanium, titanium - i -propoxyoctylene glycol, titanium stearate, propane dioxytitanbis (ethy(acetoacetate), 
. propanedioxytitanium (acetylacetonate) (ethylacetoacetate), oxotitanbis (monoammonaium oxalate), tri - n - 
butoxytitanmonostearate, and titan polymer. c > .. ^ 
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■ ind yn of Transrtion ^ Group 6A Element Measurement of Size of Crystal Grain ^ \ 
, , Tne size of crystal grains .as evaluated from the peak ha W Width and the angle* differ, of*** 

t; size of crystal'gfam -•'V, * - *;\-.' tvV ^-.^ur. ■i^:^<-^ 
- X: 'wavelength of X-ray beam- ^ :: ^v^'nre:;: i-i;?^." r 

B: peak half width 

ts ferably 200 A or less. \ -n;- J c&r^iq e< ^ 



^^rvation of Cr ystal Structure * . ; ■ ^ rif i - 
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30 l 



method according to the present mvention can be ^served .n sucn i obearred by reflect- 

-observed. - -** - K ''■-,*: . , .. i- --^u-if W« Fmiriar trarafoitning the 'disperislon intensity of rrieas- 
^ ^ ^.The^adial distribution function can be o^^^^ 

• ured X^ayof neutron b-m-The radia. distnbut^ densKy. 
crystal material- a discontinuous a «^^^^^^ 8I ^ meifte mad e of amorphous material, en- 

..so^rS fluctuation of ununtforrr, ^r£12S3^^1=«^b«*-n«^ 
' - Further, the MMMWW theHnal My* r^^^S^SSSSS^ ><«» »»- 
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served^ - ' ° : . the compound of the transition metal and the group 6A 

^ By using the foregoing means, the structure of the : invent ibn can be analyawfso that 

s»&« 1 

Analysis of Hydrogen 
.. : . Thec^poundbfth'e^ 

"» ftativ^an^ed by SIMS (S^cond-fry «on ^Sp^wn^ry) . . . 

Manufacturing of Positive Pole ' •* '1 . . <, . 

r,ec«»ry. I, rife* with the ^-^S^KS^^l^^ thec.ll..*>.. His 

V more' particularly under taaive on '"^"^ctron ^aan and feciuttte the current ooMetM I* 
■ cauaXSSS ^.h^ r,„.rP^e "j-^ .„.,h. 9 r.u P oAa,er„.ht. «- ho. 
substantially have the electron con d«*vity- _ - ^ as ace tylene black, ketchen black or graphite pow- 

cLuctTve powder with respect to the positive pole active matenal be 1 or less. 
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The bonding material bonds the positive pole active material powder to one another and prevents gener- 
ation of cracks in the charge and discharge cyde to prevent the separation from the collector. The bonding 
~ material may be one or more types of resin which are stable against the organic solvent and which are selected 
5 from a graoup consisting of fluororesin, polyethylene, polypropylene and silicon resin. It is preferable that the 
foregoing resin be in the form of liquid or solution or having a low melting point Further, it is preferable that 
the solvent be removed and the resin is crosslinked during the process of manufacturing the positive pole. As 
a result, the content of the bonding material in the positive pole can be lowered and the capacity of the battery 
...... can be.improved. The liquid resin orthe resin which can be dissolved in the sojyent is exemplified by fluororesin 

10 having an ether bond and silicon resin. If the fluororesin having the ether bond is used, the concentration can 
be lowered when it is dissolved in a solvent Therefore, the content in the positive pole can be lowered as much 
L as possible and the void ratio can be raised! Further; the state is very stable after crosslinking has been per- 

formed so that a sat isfartory effect ran be obtained upon the charge 
y V ! l to also preferable that dehydration is performed with heat generated bymicrowaves and a vacuum drier 
is V is used to dehydrate the positive "pole after the positive pole has been formed. v . ^ 

It is preferable that the mixture ratio of the bonding material with respect to the positive active material 
be 0.1 or less. < 
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Examples * * „ 

Examples of the present invention will now be described. It should be noted that the present invention is 
not limited to the examples below. ~ :*r ;;i»r:.:. \" 

Example 1-1 ... /, „ s - . r,r- ; - .\i [icrvh>- :J * ~: • 



' ^ i Aflat type battery having a simple structure, exhibiting assembling easiness and having a cross sectional 
-.'l structure schematically shown in Fig. 2 was assembled to evaluate the characteristics of the secondary bat- 
tery while mainly evaluating the life against cycle operation. , . . V . 
S. ' . First, a solution in which colloidal silica. manufactured byShokubai Kasei and subjected to hydrophobic 
30 r treatment in an atmosphere of dry argon gas was dispersed in N, N ^dimethylformamide was dehydrated by 
active alumina. Then, lithium metal foil to which titanium mesh collector 200 was pressed against the reverses 
^ side was immersed in the colloidal silica solution prepared by the foregoing method, and then dried at 120°C 
i: so that a lithium negative pole 201 covered with silica was manufactured. ~ 
v A positive pole activating material 203 was manufactured in such a manner that a mixture of dehydrated 
35 v ,and electrolyzed, manganese dioxide arid lithium carbonate was heated so that a lithium-manganese compo- 
site oxide was prepared. Then, tetrafluoroethylene polymer powder was mixed, and then pressed against the 
.. ...titanium mesh as to be formed into a designed shape. . v . ^ ... ^ , , . > 

' The electrolytic solution was obtained by dissolving, by 1 M (mol/l), Jithium arsenate hexafluoride salt in 
an equally mixed solvent of propylene I carbonate (PC) and dimethoxyethane (DME). . vH . . - 
40^1 A separator 208 was formed in such a manner that a separator made of polypropylene and having small 
. S apertures was sandwiched by unwoven polypropylene sheets. t _ 

The assembling process was performed in such a manner that the separator 208 was place between the 
* negative pole 201 and the positive pole 203 followed by inserting them into a positive pole case 207 made of 
titanium clad stainless steel. Then, an electrolytic solution was injected followed by sealing the positive pole 
45 case 207 with a negative cap 206 made of titanium clad stainless steel and an insulating packing 21 0 made 
of fluororubber so that a secondary battery was manufactured. 

Comparative Example 1-1 ^ r ^ . v r nv^- . 1 : : 

so t A lithium secondary battery was manufactured by a method similar to Example 1-1 except for excluding 
the surface' covering treatment using the metal lithium foil performed in Example .1-1. . : 

; . T -<- * r: • - * ~.c ■ c.v; ; - •„ ^ ■ . ~* 
. ' Comparative Example 1-2 , ^ - - v Z r, . « . ^ v -: ; 

55 A battery similar to that according to Example 1-1 was manufactured. : . ... . . 

The preparation of the materials and assembly were performed in an atmosphere of dry argon similarly 
to Example 1-1. 

First, aluminum trichloride and phosphoric acid were allowed to reach with each other in ethyl alcohol, and 
gradually heated to 100°C so that glass form aluminum phosphate was obtained. Then, it was dispersed in n- 
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Example 1-3 ' . . ^//* >. •T^- *-'- v -£> <■ ^^ r - • :; ' 

solution was applied to the lithium ^^•^^^ lnlctfeDd ^ hy ^e so that a film was formed. 

ufactured. 
Example 1-4 

titanium oxide-alumina was formed. Then, the co loia ^^" ! "'" . . f .;_ fQrmina solution was prepared. The 
> - formed so that a lithium battery was manufactured. _ ^; : ' 



Example 1-5 
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40 



Example 1-1 were performed so that a lithium battery was manufactured. ? 



45 Example 1-6 
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A battery similar to that according to ^^^^3S , Si32e, which was manufactured by 

~&SS3S% ««• «• « — ' ■»-"»™ d - 1Ba,v ba "• ,, - """" 



ufactured. 
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Example 1-7 . . \ . . . - 

A battery similar to that according to Example 1-1 was manufactured. 

First, paste obtained by mixing zinc oxide powder, metal zinc powder and water glass was injected into 
foamed nickel (Celmet) manufactured by Sumitomo Denko. Then, the material was hardened at 80°C for 20 
minutes and 200°C for 30 minutes so that the negative pole 201 was formed. 4 

l Then, paste obtained by mixing, with nickel hydroxide, nickel powder, cobalt powder, carboxylic methyl 
cellulose serving as the bonding material, ethylene glycol and water was injected into the Celmet manufactured 
iS by Sumitomo Denko. Then, it was dried and pressed so that the positive pole 203 was formed. 

_ The^separator was formed in such a manner that polypro^ to hydrophilic treatment 

and having small apertures was sandwiched by unwoven polyamide sheets. The electrolytic solution was a 
30 wt% potassium hydroxide solution. The assembly was performed similarly to, Example 1r1 so that a nickel- 
'~ "zinc secondary battery was manufactured: J — ' ~ ~ ~" \ 

Comparative Example 1-2 ^ ,,;-. T - ^ : --/^ ^*- t r 

' A nickel-zinc secondary battery was manufactured by ajnethod similar Jo Example 1-7. except that the 

negative pole was manufactured by mixing polyethylene serving as the bonding material and ethylene glycol 
20 - in place of the water glass. ' ■ - 

" *\ & 'J 7 -, -5 -?v;:r: V* _ V - 

Example 1-8 ; . 



A battery having a structure similar to that according to Example 1-1 was manufactured. However, a pos- 
25 itrve pole case having small apertures for receiving oxygen in air was employed. . ^ 

The negative pole 201 was formed similarly to that according to Example 1-7. — 
J The positive pole 203 was formed in such a manner that the positive catalyzer layer was formed by adding 

manganese dioxide to active carbon, and a water repeilant film made of polytetraf luoroethyiene and cellulose- 
type diffusion paper were stacked on the positive catalyzer layer. \. 
30 . The separator 208 comprises a cellophane film, while the electrolytic solution comprises a 30 wt% potas- 
siiim hydroxide solution. r . " . - ." ^.:Ji/\ - V 

c The battery was assembled in such a manner that the separator 208 was held between the negative pole 
201 and the positive pole 203, followed by inserting them into the positive pole case 207 having small aper- 
1 tures for receiving oxygen in air and made of titanium clad stainless steel. Then, the electrolytic solution was 
35 v ~ injected, and sealing was performed by the negative cap 206 made of the titanium dad stainless steel and 
:3r the insulating packing 210 made of fluorine rubber so that the air-zinc secondary battery was manufactured. 

. T- T . . . :t, ... -1 „ ■ . t \ T. *- i. ; .... ' ' : v " T . * * *. . ** • 

Comparative Example 1-3 t . , _ . ^['i"^'/'",^ 

40 An air-zinc secondary battery was manufactured by a method similar to that according to Example 1-8 

* except that the negative pole according to Comparative Example 1-2 was used. 

Evaluation of Performance of Secondary Battery 

45 ^ The performance of lithium secondary batteries according to Examples 1-1 to 1-6 and Comparative Ex- 
ample 1-1, the nickel-zinc secondary battery according to Example 1-7 and Comparative Example 1-2, and 
the air-zinc secondary batter/ according to Example 1-8 and Comparative Example 1-3 was evaluated. The 
evaluation was performed by a charge and discharge cycle test under the following conditions with respect 
to the cycle life of the batteries according to Comparative Examples 1-1, 1-2 and 1-3. The conditions for the 

so cycle test were made as follows: the charge and discharge was performed by 0.2C (electric current which was 
0.2 times capacity/time), pause for 30 minutes and a cut-off voltage of 1.0V was applied. A charging/discharg- 
r ' : ing apparatus HJ-101M6 manufactured by Hbkuto Electric was used. The charge/discharge test was com- 
menced at discharge, the battery capacity was evaluate the quantity of the third discharge and the cycle life 
" was evaluate by the number of cycles when the battery capacity had deteriorated to 60% or less. 

55 r "* ; " ^The cycle life of each battery with respect to the cycle life of the battery according to Comparative Example 
1-1 1 which was made to be 1 was as shown in Table 1. . . 

As can be understood from the results of comparisons made between Examples 1-1 to 1-6 and Compar- 
ative Example 1-1, between Example"l-7 and Comparative Example 1-2 and between Example 1-8 and Com- 
parative Example 1-3, the cycle life can considerably be lengthened due to use of the foil made of the negative 
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battery while evaluating the cycle life. .... . amnn • ^ a di8SO |ved in a toluene solution of poly 

■-- First, a peroxide benzoyl was. in an SSn althium metal foil to which the 

(2-viny. napthalene) manufactured by, '^^^^^^ «" «• Then ' ^ treatment at 
stainless mesh collector 200 was pressed from JjfJ^ShXooly (2-vinyl napthalene) was manufactured. 
100 .C was performed^ 
. The positive P°'? a *" at,n ?^ 

^^^^^ 

by unwoven polypropylene sheets. _ 
Comparative Example 2-1 ^ 
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Example 2-2 . _> % v ' : - - /^ r o o 

ing by performing p0lymen2at.cn at 45 C so that a .^V™ ressed followed by drying the polymer 

was applied to lithium metal foil to wh '^ a ^ with the polyvinyl antracene film 

* — - 2 - 1 were performed so that the 

lithium secondary battery was manufactured. , r 
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Example 2-3 . - 

A battery similar to that according to Example 2-1 was manufactured. 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 

similarly to Example 2-1. " " ~ * ~ ** " 

f 'rst^9, 10-antracene dipropionic acid and ethyiehe glycol of the same mbl and a smaN quantity of zinc 
^acetate were injected into a reaction chamber followed by dehydrating and condensing them at 200°C in an 

- argon gas flow. Then, azobisisobutlonitryi was added, and the lithium metal foil to which a stainless steel mesh 
collector was pressed was immersed followed by taking out it. Then, it was heated to 100°C so that a film was 

" formed on the surface of lithium. Then/similar processes to those according to Example 2-1 were performed 
_ so that theJHthium secondary battery was manufactured. _ _ ii" 

Example 2-4 '.***.. . . «. .„ _ . J. r 

A battery similar to that according to Example 2-1 was manufactured. — — 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 

similarly to Example 2-1." 

- Tantalum pentachtoride was dissolved in toluene at 80°C, and a toluene solution of 5, 12- bits (phenyle- 
thynyl) naphthalene was added followed by polymerizing them at 80°C. An obtained polymer was cleaned with 
methyl alcohol, dried and again dissolved in toluene so that a film forming solution was prepared. Then, a li- 
thium metal foil to which a stainless steel mesh collector was pressed was immersed, followed by raising it 
and drying the same. Then, electron beams were applied to crosslink the material so that a film was formed 
on the surface of lithium. Then, similar processes to those according to Example 2f 1 were performed so that 
the lithium secondary battery was manufactured. : * -v-V 

Example 2-5 . . i . - _ ' ' -.x' , 

A lithium secondary battery similar to that according to Example 2-1 was manufactured except that per- 
oxide benzoyl was dissolved in a toluene solution of poly (2-vinyl naphthalene), and then arsenate hexaf luoride . 

- lithium salt was added so that the film forming solution was prepared. * " 

iJi£*->' ' - ' ~ ' j ..... w 

z: Example 2-6 r ' 1 r . . - t , ; : - . 



A battery similar to that according to Example 2-1 was manufactured: " v - u - : ' ■ — " : 
" * - - The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 
similarly to Example 2-1. ■ " 

Felt-form carbon, which had been dehydrated and dried, was immersed in lithium dissolved in a stainless 
container, followed by cooling the same so that felt-form carbon was manufactured. Then, it was immersed 
in a toluene solution of poly (2-vinyl naphthalene) to which azobisisobutylonitryl was added, followed by raising 
the felt carbon. It was then dried at 80°C, irradiated with ultraviolet rays to be crosslinked so that the negative 
pole 201 was manufactured. Then, similar processes to those according to Example 2-1 were performed so 
that the lithium secondary battery was manufactured. ^ 

Evaluation of Performance of Lithium Secondary Battery 

The performance of lithium secondary batteries according to Examples 2-1 to 2-5 and Comparative Ex- 
ample 2-1 was evaluated. The evaluation was performed by a charge and discharge cycle test under the fol- 
lowing conditions with respect to the cycle life of the batteries according to Comparative* Example 2-1. The 
conditions for the cycle test were made as follows: the charge and discharge was performed by 0.2C (electric 
current which was 0.2 times capacity/time), pause for 30 minutes and a cut-off voltage of 1.0V was applied. 
-A "charging/discharging apparatus HJ-101M6 manufactured by Hokuto Electric "was used." The 
charge/discharge test was commenced at discharge; the battery capacity was evaluate the quantity of the 
third discharge and the cycle life was evaluate by the number of cycles when the battery capacity had dete- 
riorated to 60% or less. 

The cycle life of each battery with respect to the cycle life of the battery according to Comparative Example 
1-1 which was made to be 1 was as shown in Table 2. . : . _ 

As can be understood from the results of comparisons made between Examples 2-1 to 2-5 and Compar- 
ative Example 2-1, the cycle life can considerably be lengthened due to use of the negative pole comprising 
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the lithium foil covered with the polymer of the derivative 
to the present invention. . ^ 

- Table 2 
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of the aromatic hydrocarbon compound according 



^Manufactured Lithium B attery 
Comparativ e Example 
Example 
Exempt 2-2 



Cycle Life of Example/Cycle Life of Comparative^xampl^ 
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Example 3-1 . >, ~. • . - y 

; ufactured. _ - ■• . -■ - nreoared In such a manner that a mixture of a dehydrated 

The positive pole activating material f 0 *™**^*™ ere hea ted sa that a lithiummanganese com- 

rr^r»r^q.^^» - — • - - * ^ 

against a titanium mesh as to be formed as denned. hex afluoride lithium salt was. by : 

was sandwiched by unwoven polypropylene sheets. ? . . 

r eparative Example 3-1 

" 1 ! u " n nn to Example 3-1 was manufactured except that the metal lithium foil 

A battery similar to that according to Example j-i was 
surface treatment was omitted. ^ 

Comparative Example 3-2 

A battery similar to that according to ^* a ^f ^ ^atteTy'we^reperformed in an atmosphere of dry ^rgon 
. The preparation of materials and . a ^^MeSST^e6 to a hexane solution of Tirano Coat 
' similarly to Example 3-1 . AsoluHon in JT to a lithium metal foil to which a titan mesh 

(polytitanobarbosilane) manufactured by ub « to 80 „ Ct and then heated to 150'C so that a 

battery was manufactured. 
Example 3-3 



so 
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A battery similar to that according to Example 3-1 was manufactured. 



40 



EP O 600 718 A2 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 

similarly to Example 3-1. _ . - - — 

First, 2, 4, 6-trimethyl-tris (3, 3, 3-trif!uoropropyl)cyclotrisiloxane was heated to 76°C in an argon gas. 
5 - Then, calcium silate catalyzer was added and polymerization was performed so that a polymer was obtained. 
Then, peroxide benzoyl was added to the polymer, and then a lithium metal foil to which the stainless steel 
• mesh collector was pressed was immersed in the solution, and rayed from the solution. Then, heat treatment 

'at T00°C was performed so that a lithium pole having a polysiloxane film formed thereon was manufactured. 

J«5 Then, similar processes to those according to Example 3-1 were performed so that the lithium secondary 
10 ~ battery was manufactured — - — - - 



Example 3-4 



A battery similar to that according to Example 3-1 was manufactured. * . 

is The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 

similarly to Example 3-1. 

First, azobisiosbutylonitryl was added to tetramethyldivinyldisiloxane, and then a lithium metal foil to 
which a stainless steel mesh collector was pressed was immersed, followed by raising it. Then, ultraviolet rays 
were applied so that a lithium pole covered with the polysiloxane film was manufactured. 
20 ^ ' - Then, similar processes to those according to Example 3-1 were performed so that the lithium secondary 
• battery was manufactured. 0££ ~ 



Example 3-5 



25 A battery similar to that according to Example 3-1 was manufactured/ ' '. w \ , * ,\ T~ 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 
similarly to Example 3-1. : > r . " ; 

" - : A lithium secondary battery was manufactured similarly to Example 3-2 except that lithium was immersed 
in a solution in which arsenate hexafluoride lithium salt was added to a solution in which peroxide benzoyl 
30 was added to a hexane solution of Tirano Coat (polytitanocarbosilane) manufactured by Ube Kosan. ~ 



Evaluation of Performance of Lithium Secondary Battery 



" " ^ The performance^ lithium secondary batteries" according to Examples 3-1 to 3-5 and Comparative Ex- 
35 - ample 3-1 was evaluated. The' evaluation was performed by a charge and discharge cycle test under the fol- 
lowing conditions with respect to the cycle life of the batteries according to Comparative Example 2-1. The 
condit ions for the cycle test were made as follows: the charge and discharge was performed by 0.2C (electric 
current which was 0.2 times capacity/time), pause for 30 minutes and a cut-off voltage of 1.0V was applied. 
A charging/discharging apparatus HJ-101M6 manufactured by Hokuto Electric was used ; The 
40 charge/discharge test was commenced at discharge, the battery capacity was evaluate the quantity of the 
third discharge and the cycle life was evaluate by the number of cycles when the battery capacity had dete- 
riorated to 60% or less. " 

The cycle life of each battery with respect to the cycle life of the battery according to Comparative Example 
1-1 which was made to be 1 was as shown in Table 3. 
45 As can be understood from the results of comparisons made between Examples 3-1 to 3-5 and Compar- 

ative Example 3-1, the cycle life can considerably be lengthened due to use of the negative pole comprising 
the lithium foil covered with the organic metal compound according to the present invention. 



so 
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Example 4-1 



battery while evaluating the cycle Ufa ^ m U(m ^ reve , se side in an 

First, a titanium mesh collector 200 was pressea ag« f| AF solution wh ich was a co- 

atmosphere of dry argon. Then, the , lith, TS^^-Uf-** which was man- , 
polymer of tetraf luoroethylene and 2, »M*£2^ J? ithlum nega ive pole 201 covered 

ufactured by Dupont, followed by bring the l ^SS&^SS£S^M 203 comprised a lithium- 
with amorphous f luororesin was electrolysed manganese dioxide 

manganese composite oxjde prepared ^^'^ a ^^fluoSX«ii polymer powder was mixed, and 
and lithium carbonate and a mixture ^^^SnKSS solution was prepared by 

dissolving, by 1 M (mol/l) Zs manufactured in such a manner that a 
carbonate (PC) and dimethoxyethane (DME). J^PgSfJ u Qven powpropylene sheets. The battery 
propyiene separator having -*»;^ negative po.e 201 and the 

7 'secondary battery was manufactured. , i; , : - .-v - K - -'y ; , : 

^mparative Example 4-1 • . ^ . : ~ * : 

" A.Uhium secondary battery was manufactured underthe^ame condKions as those according to Example 
4-1 except that the metal lithium foil surface covering was omrtted. . ; 

Cm'. 

Example 4-2 - .. ..r.r ... - : ' c "" : . : ' . /^."^ ' .r;r- 

A battery similar tothat according V^^^^^^mid in an atmosphere of dry argon 
The preparation of materials and assembl.ng of the batterywe re perro ^ 

simiiarly to Example 4-1. The lithium metal ™*«Z*£^ ^SSdTJ ^vacuum .eve. of 5 x 
into a chamber of a sputtering apparatus, and J-J- 3 x 1(H Torr> followe d by 

10* Torr. Then, argon gas was al, ™ e <^^^^^^ pFAwnich was a oopolymBr 

Example 4-3 

r» ___t A 1 4 mac mam 

A battery similar to that according 10 cAdm K .o . 
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The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 
similarly to Example 4-1. The lithium metal foil to which a stainless steel mesh collector was pressed was in- 
serted into a chamber of an RF (Radio Frequency) plasma CVD apparatus, and then the retained gas was 
5 _ > exhausted to realize a vacuum level of 2 x 10- 6 Torn Then, vinyiidene fluoride was introduced into the chamber, 
n and isobutyl vinyl ether was introduced into the chamber while using hydrogen gas as the carrier gas. While 
^ 'controlling the internal pressure to LTorr, RF discharge was caused to take place so that a plasma polymer 

JV .film was formed on the surface of lithium. Then, similar processes to those according to Example 4-1 were 

performed so that the lithium secondary battery was manufactured. 

Example 4-4_ - - < ^ c * . ' l J " L P J .^^.^J^l'-^P"--. 

A battery similar to that according to Example 4-1 was manufactured. ill. _ ..J f 3 Z 1 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 
is- similarly to Example 4-1 . Alithium secondary battery was manufactured similarly to Example 4-1 except that 
the titanium mesh collector was pressed from the reverse side, and then it was immersed In a xylene solution 
of Lumiflon which was a copolymer of tetrafluoroethylene and non-fluorihe-type vinyl ether, which was man- 

. ufactured by Asahi Glass and to which isocyanate and graphite powder were added. Then, it was dried at 140°C 

for 10 minutes so that the lithium pole covered with the amorphous fluororesin was manufactured. 

; Example 4-5 *. r . 

' A battery similar to that according to Example 4-1 was manufactured.. . L 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 
25 similarly to Example 4-1 . First, coating fluororesin was prepared. An automatic crepe having a stirring machine 
received 200 parts of pure water, 40 parts of vinyl fluoride, 60 parts of et hylvinyl ether, 0.6 parts of perpf luor- 
ocarboxylic acid, 0.2 parts of persulfuric ammonium and 3 parts of water. Then, the solution was heated to 
V 46°C while maintaining the pressure at 42.5 atmosphere to perform polymerization for 8 hours. An obtained 
h?'* polymer was cleaned with hot methanol, followed by drying it. Then, it was dissolved in tetrahydrof uran dehy- 
3p. drated sufficiently, followed by adding peroxide benzoyl. Then, the lithium metal foil to which a stainless steel 
k -I mesh collector was pressed was immersed followed by raising it Then, it was heated to 1 00°C so that a lit hium 
^?l'ppie covered with fluororesin' was manufactured. ' ~ - ''* f - ' ^ ^ ^ ' \ : " 

yf^' Then, similar processes to thoseaccording to Example 4-1 were performed so that the lithium secondary 
Y/f ~ battery was manufactured. ^ . : . * - ---'ir-vrjv? y ? r . r - 

35., "■.**' 1 """■"''".*;/ : 

Example 4-6 " - : > - ^ ■" " 9 *-' r - ^ " " * ' 

A battery similar to that according to Example 2-1 was manufactured. - - 

First, a lithium pole was manufactured. The lithium metal foil to which a stainless steel mesh collector was 

40 pressed was injected into a vacuum chamber of a parallel and flat type plasma CVD apparatus to which a 13.56 _ 
MHz high frequency power source was connected in such a manner that it was placed perpendicular to the 
parallel and flat electrode. Then, retained gas was exhausted to realize a vacuum level of 10-* Torr. Then, 10 
seem of tetraf luoroethylene, 2 seem of ethylene, 2 seem of hydrogen, 1 seem of helium and 1 seem of oxygen 
were introduced into the vacuum chamber, which was a reaction chamber, and then the internal pressure was 

45 maintained at 0.8 Torr. Then, 200 watts of high frequency power was supplied to the parallel and flat electrode 
so that a plasma polymer film of the fluororesin was formed on the surface of lithium. By using the lithium 
pole covered with the fluororesin prepared by the foregoing method so that a lithium secondary battery was 
manufactured by the similar processes to those according to Example 4-1. 

so Evaluation of Performance of Lithium Secondary Battery 

The performance of lithium secondary batteries according to Examples 4-1 to 4-6 and Comparative Ex- 
ample 4-1 was evaluated. The evaluation was performed by a charge and discharge cycle test under the fol- 
lowing conditions with respect to the cycle life of the batteries according to Comparative Example 4-1. The 
55 conditions for the cycle test were made as follows: the charge and discharge was performed by 0.2C (electric 
- current which was 0.2 times capacity/time), pause for 30 minutes and a cut-off voltage of 1.0V was applied. 
A charging/discharging apparatus HJ-101M6 manufactured by Hokuto Electric was used. The 
charge/discharge test was commenced at discharge, the battery capacity was evaluate the quantity of the 
third discharge and the cycle life was evaluate by the number of cycles when the battery capacity had dete- 
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Example 5-1 



tional shape schematically shown in Fig. 2 was assenroie " , , , „ .v: • 

battery while evaluating the cycle life. r : . m . collecting pole 200 was pressed to the reverse 
.. • In an atmosphere of dried argon ga^ 
side of the lithium metal foil. Then, the 

*^ 

^TptT Sole activating .ater, ^!SS^ 
nrsei 8 ^™ 

was sandwiched I. unwoven P*P"2^J£^, Dy 1 M (moi/l). arsenate hexaf luoride lithium salt in 
The electrolytic solution was prepared by dissolving oy v ^ ne (DME) . - 

an equal quantfty mixture solvent of f^^^^^^S^^. 
Assembling of the battery were performed similarly to txamp ^ 

Comparative Example 5-1 ■ 

surface covering was omitted. , ,j 

Example 5-2 . _ . , . r • ~ ' 

' : : A battery similar to that according to ^•^ # ^^fp er Smed in an atmosphere of dry argon 
- The preparation of materials and assemb ing of the battery were p ^ ^ n 

similarly to Example 2-1. Alithium metal foil. and 0 .2 M of boron tetrafluoride tetrabu- 

, acetonyl solution in which 0.1 M of a ™^ level of 3 V while using a platinum elec- 

thereon was manufactured. • - 
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Then, similar processes to those according to Example 5-1 were performed so that the lithium secondary 
battery was manufactured. 

5 Example 5-3 r... 
v. ■ i> ' -. * ! -iri^ : lzt lo" : -.'"V^icc ;_; : ' .v^v : i :. ; "• 

« v& A ^ atter y similar to that according to Example 5-1, was manufactured. v . \* „ r-j w^i c^- ,1 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 
h- u ^similarly to Example 5-1. First, (+) r 18 - crown 6 - tetracarboxylic acid (0.4 mol), 1, 4- butanedioi (0.8 mol), 
tetratitanate - n - butylester (0.08 g) and butylhydroxytinoxide (0.03 g) were mixed. Then, the temperature was 
:.'\; maintained at 220°C; and distillation was performed for.60 minutes to remove products such as water. Then, 
j ; the product and titanate tetra-n-butylester (0.02 g) were injected into an automatic crepe, and the pressure 
r : was lowered and heating to 250°C was performed for 22 hours so that a polymer was obtained. ! 
ton Jrylenediisocyanate was added to the. thus-obtained polymer; and then the lithium metal foil, to which a 
is ~ titanium mesh collector was pressed, was immersed. Then, the lithium metal foil was raised, and then it was 
heated, and dried at 80°C so that the surface of the lithium foil was covered with a large ring compound poly- 
mer. - : * _ ••».;~j? 1 H c 

Then, similar processes to those according to Example 5-1 were performed so that the Tit hTurri secondary 
battery was manufactured. ;^ t <. : . . 



20 



Example 5-4 



A battery similar to that according to Example 2-1 was manufactured. f . ^ 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 
25 „ . similarly to Example 5-1. A lithium metal foil, to which a titanium steel mesh collector was pressed, was im- 
mersed in a toluene solution of 3, 3'-dibenzy1 -1,4, 8, 11 - tetraoxacydotetradecan to which azobisisobutyl- 
nitryl and arsenate hexaf luoride lithium salt were added. Then, the lithium metal was raised from the solution, 
and then ultraviolet rays were applied to crossl inking so that the surface of the lithium metal foil was covered. 
Then, similar processes to those according to Example 5-1 were performed so that the lithium secondary 
30_ ..battery was manufactured;:.-.-;^-^ ; , .r-jr, ^ h -'-j-js i " : - \ - ?; ^ v% ; ;~ 



Example 5-5 v ..\- ; --n. > r :: \ ' ' i '\ * : >i -. -.; v*- " 

' w - s < :-. o -v. * v -\ : : : - t-:\. : o : ■ : L iv.y^. ' * ;ior * * ~7 

A battery similar to that according to Example 2-1 was manufactured. ; . :c* : - . ^ " 

v The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 
:: similarly to Example 5-1. Styrene and 4, 7, 13, 16, 21, 24 -.hexaoxa - 1, 10^diazobicycio [8.8.8] hexakosan 
were dissolved in a tetrahydrofuran solution of naphthalene degasif ied and dehydrated sufficiently. Then, 
graphite powder was mixed. The lithium metal foil, to which a titanium mesh collector was pressed, was im- 
mersed to perform polymerization reaction, followed by drying as to be hardened. As a result, the surface of 
40 lithium was covered with a large ring compound polymer. 

Then, similar processes to those according to Example 5-1 were performed so that the lithiurnsecbndary 
battery was manufactured. 

Example 5-6 ^ : . v : . . ** . - j - - - : r 

45 

A battery similar to that according to Example 5-1 was manufactured. r" v: 

The preparation of materials and assembling of the batterywere performed in an atmosphere of dry air. 
A porous nickel sheet manufactured by Osaka Gas was dehydrated and dried as to be used as an anode, 
.■ . while a platinum electrode was used as a cathode so. that electrolytic polymerization was performed in an 
so acetonitryl solution in which 0.1 M of banzo-18-crown-6 and 0.2 M or boron tetrafluoride tetrabutylam-monia 
salt were dissolved. As a result, a porous nickel sheet covered with a crown ether polymer was manufactured. 
.^Then, an electrolytic solution was prepared in such a manner that 1M of boron tetrafluoride lithium salt was 
dissolved in an equal-quantity mixture solvent of propylene carbonate and dimethoxyethane. An obtained por- 
- ous nickel sheet thus covered was used as a cathode and lithium metal was used as an anode. Then, lithium 
55 .was inserted between the porous nickel sheet cover and the nickel as to be allowed to adhere so that the neg- 
ative pole 203 was formed. s z \~ " . 
- — Then, similar, processes to those according to Example 5-1 were performed so that the lithium secondary 
battery was manufactured. „ . ^ - 
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Example 5-7^- -V ■ :r ■ * i >- : ' * ■ * 

A nickel-zinc battery having a simi.ar structure as that of the battery according to ExampieJM I was man- 



5 "^pastewasprepa^^^ 

formaldehyde, formic acid and water. The paste , was applted to a ^^3«n to ndiUt ^, : 
rr, pole 201 was manufactured. - - V / . - natula . carboxvlic'cellulose serving as" a bonding 
3 Then, paste obtained by m '« "9 (Celmet) manufao 

io,* material/ethyiene glycol ana- *ater ^^f^J^Z^^ P°le 203 was formed^;::- 

, 5 elzinc secondary battery was manufactured. . .J' , f , ? - ? r. tt -i 



Comparative Example 5-2 



20 



25 



nickel mesh followed by drying. 



30 



E xample 5-8 • '" %vlJ "" ^V,''^- ' - ^ £ -^r- fc,** ^vtvrfic --"Vic; - 1 

r^A^'haZ^ 

»„. pd. cas. ha«ir 9 .mall ap»lw« for r~.M«9 «ys,an nr £ applled w , „|d»l mash fol- 

.• Comparative Example 5-3 '- ... -• _. . .. ; ; 

An air-zinc secondary battery was manufactured simiiaHy to Exampie 5-8 except that the negative ^e 
according to Comparative Example 5-2 was used. 

Evaluation of Performance of Lithi »im Secondary Battery -~ JX+r t ^v^»-^L " 

r* ample 5-1 was evaluated. The evaluation was ^^^^^l^^Z Example 1 . The con- 
lowing condmons with respect to the ^ 

ditions for the cycle test were made as follows, the *™ ™™ a 9 cut ^ ff voltage of 1.0V was applied, 
current which was 0.2times capacity/time ^^*^X^^'- r was -used.- The 

A charging/discharging r apparatus -KM OIM^ was evaluate the quantity of the 

^rrb^uTde 8 ^: ssr^sz^— ^—"^"-^ 
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ative Example 2-1 and those between Example 5-7 and Comparative Example 5-3, the cycle life can consid- 
erably be lengthened due to use of the negative pole comprising the lithium or zinc covered with the large ring 
compound polymer according to the present invention. 

Table 5 



i Lithium Battery Manufactured - - 


Cycle Life of Example/Cycle Life of Comparative 
Example ^ * n * 


Example- - *: 


Comparative Example 


Example 5-^1- 


. v t 

Comparative Example 5-1 




Example 5-2 , 


Comparative Example 5-1 


•- . i ■• - 25 • -.'.<-■•■ • 


Example 5-3 


Comparative Example 5-1 


■ • - - -""3.5 '■ T - 


Example 5-4 


Comparative Example 5-1 


. . . . . «... i 

4.0 


Example 5-5 


Comparative Example 5-1 


3.0 ----- 


Example 5-6 


Comparative Example 5-1 


- 4.2 ' - " ' 


Example 5-7 


Comparative Example 5-2 , ? 


- . 2.8 • ■ 


Example 5-8 


Comparative Example 5-2 


.... 2 . 7 - » « . • 



to. 



15 



20 



25 



. Example 6-1 , . _ rwr 

Aflat battery which had a simple structure, which could be assembled simply and which had a cross sec- 
30 Vtional shape schematically shown in Fig. 2 was assembled to evaluate the characteristics of the secondary 
battery while evaluating the cycle life. First, the titanium collector 200 was pressed against the reverse side 
...of the lithium metal foil in an atmosphere of dry argon gas, and then the lithium metal foil was immersed in a 
J toluene solution PPZ-U1001 manufactured by Idemitsu. Then, it was previously dried, and ultraviolet rays were 
applied so that the lithium pole 201 covered with phosphazene was manufactured. 
35 . r The positive pole active material 204 was prepared in such a manner that a lithium-manganese composite 
oxide was prepared by heating a mixture of dehydrated and electrofyzed manganese dioxide and lithium car- 
bonate. Then, tetrafluoroethytene polymer powder was mixed followed by pressing to a titanium mesh as to 
be formed as designed. v , t .. v " r -~ ^ . r . 

The electrolytic solution was prepared by dissolving, by 1 M (mol/l), arsenate hexafluoride lithium salt in 
40 an equal quantity mixture solvent of propylene carbonate (PC) and dimethoxyethane (DME). The separator 
208 was manufactured in such a manner that a propylene separator having small apertures was sandwiched 
by unwoven polypropylene sheets. 
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Comparative Example 6-1 ' . ~ . 

. . , A lithium secondary battery was manufactured similarly to Example 6-1 except that the surface covering 
of the metal lithium foil was omitted. 



so 
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Comparative Example 6-2 . 



A battery similar to that according to Example 6-1 was manufactured. The preparation of materials and 
assembling of the battery were performed in an atmosphere of dry argon Similarly to Example 6-1 . First, hex- 
achlorotriphosphazene was repeatedly degasif ied, melted and solidified, and then it was heated to 250°C as 
to be polymerized so that polydichlorophosphazene was obtained. Then, a tetrahydrofuran solution of aniline 
was added to a benzene solution of polychlorophosphazene, followed by heating and ref luxed. Then, the sol- 
ution was allowed to stand to remove aniline hydrochloride by filtering followed by again sedimented it and 
drying it. Then, it was again dissolved in tetrahydrofuran so that a solution of poly [bis (phenylamino)phospha- 
zene] was prepared. Then, the foregoing solution was applied to the lithium metal foil, to which a titanium mesh 
collector was pressed, followed by drying the solution. Then, ultraviolet rays were applied so that a lithium 
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oole covered wrth polyphosphazene was manufactured. Then, simiiar processes to those according to Exam- 
% eTwerc pill so °hat the lithium secondary battery ^ 



5 Example 6-3 



^Abatterys,^^ 

to solution of sodium alkoxfce ^SSS^SS. and water, foi.owed by dry- 

- f iltered, cleaned with water and ethyl "'^^^KSS. The acetone solution of the polyfluoro- 
ing . As a result, polybis CWfluow-^Pgg^S? ^3^^^ mesh collector was pressed. 
— kbxyphosphazene was applied ^^^^^SSm^'t^ covered with polyphospha- 
te, it was dried. ^ Jhe" ^ 



15 



20 



25 



the lithium secondary battery was manufactured. . >; _ J±.j:iZ 



Example 6-4 



30 



35 



' Tbattery similarto that acco^ 

assembling of the battery were P« rf< 7" d '"^ ethano ' and ^ diu,n hy " 

dium alkoxide of naphthalene ethanol was^n duwane ^^^^m, and then a dioxane solution 

droxide. Then, tetra-n-butyl ammonia brom.de was adde ^i^^^ b Swd m ixed was subjected to a heat- 
of polydichlorophosphazenewasadded while bemgdnp^Jhethu^ 

ing reactions at 80'C. and the solvent was ^^ a ^^ result, polydiphenoxyphos- 

drof uran and water, and then it was ref med fol owed by ^jrjSJ^ solution of th e obtained poly- 
phazene was obtained. Then, azoisobutylnrtryl was add « d J° m ^ was immersed and 

mer. Then, the lithium metal foil, to ^^^^Z^^^^* ^ a ,ithium P ° ,e 

Twerfperforme^ , . _ - «; _ • ■' 



Example 6-5 
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Abatterysimilart^ 
-assemWing of the battery were>erfor r ^ 

the thus-prepared solution. • . • - .■ * - v 

Evaluation of Performance of Li *"'"™ Secondary Battery 
Th e performance oflHhium secondary batteri^s^ 

ample 6-1 was evaluated. The evaluate ' ^^^^^iEto Comparative Example 6-1. The 
lowing conditions with respect to the cycle l. e of the ^^^2»^m Permed by 0.2C (electric 
conditions for the cycle test were made as ^f^^^^STSSl voltage of 1 .0V was applied, 
current which was 0.2 times capacity/tmne , ^pause *^JJ^ a | S2 Electric was used. The 
A charging/discharging apparatus e ^ ^ th. o^rtky of th. 

charge/discharge test was commenced at discharge. the battery capacity had defe- 

nd discharge and the cycle life was evaluate by the "JJ^^Jj; £ he battery according to 
riorated to 60% or less. The cycle life of ^^J^J^^^^S. understood from the 
■ comparative Example 6-1 which was made to be 1 ^^J^^^ Example 6-1. the cycle life can 

large ring compound polymer according to the present invents . . . ... 
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Table 6 



Manufactured Lithium Battery 


Cyde Life of Example/Cycle Life of Comparative Example 2-1 


- ■■ v; . u 
Comparative Example 6-1 




Example 6-1 


2.0 


Example 6-2 


1.5 


Example .6-3,7/. \Z V.- 




Example 6-4 


3.0 *>- > 


Example 6-5* - " \ . .r 'i 





. v ' Aflat battery which had a simple structure, which 'could be assembled simply and which had a cross sec- 
tional shape schematically shown in Fig. 2 was assembled. The preparation of materials and assembling of 
the battery were performed in an atmosphere of dry argon. 

First, the titanium mesh collector 200 having a lead was pressed against the reverse side'of the lithium 
metal foil in an atmosphere of dry argon. Then, it was immersed in a nitromethane solution of acetyl cellulose 
to which azobisisobutylotryi and boron tetrafluoride lithium salt Then, it was dried, and irradiated with ultra- 
violet rays so that a film was formed. As a result, the lithium negative pole 201 was manufactured. 
. ' The positive pole activating material was prepared in such a manner that a lithium-manganese oxide was 
prepared' by mixing electrolyzed manganese dioxide and lithium carbonate at a ratio of 1:0.4 and by heating 
the mixture at 800°C. Then, ketchen black and Super Konak, which is a f iuororesin paint manufactured by Ni- 
hon Yushi were mixed to the prepared lithium-manganese oxide. Then, it was pressed against a nickel mesh 
as to be formed as designed followed by performing heat treatment set to 170°C. As a result; the positive pole 
203 wis manufactured. ----- ■ *" 

The separator 208 was manufactured in such a manner that a porous layer-shape alumina film, an un- 
woven polypropylene sheet and polypropylene separator having small apertures were sandwiched. _ 

The electrolytic solution was prepared by dissolving, by 1 M (mol/l), tetrafluoride borate lithium salt in an 
equal quantity mixture solvent of propylene carbonate (PC) and dimethoxyethane (DME). ^ ^ 

-: The assembly was performed in such a manner that the negative pole 201 , the positive pole 203 and the 
separator 208 were sandwiched as to be inserted into the positive pole case 207 made of titanium clad stainless 
steel, and then the electrolytic solution was injected. Then, sealing was performed by the negative cap 206 
made of the titanium clad stainless steel and the insulating packing 210 made of fluorine rubber so that a li- 
thium secondary battery was manufactured. • - : - - 

Example 7-2 - r*: 1 - :•' ' ^ 

A battery similar to that according to Example 7-1 and shown in Fig. 2 was manufactured; 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon 
similarly to Example 7-1. ■* * :'r.' v v : \- : . i - ' 

.c; -Alithium secondary battery was manufactured by a method similar to that according to Example 7-1. 

First, the titanium mesh collector 200 having a lead was pressed against the reverse side of the lithium 
metal foil in an atmosphere of dry argon gas. " ~ ■ ^ - * a ; v 

Then, it was immersed in a tetrahydrofuran solution of a polyethylene oxide to which peroxide benzoyl 
was added, and then it was dried at 110°C, and ultraviolet rays were applied so that a film wasjormed. As a 
result, the lithium negative pole 201 was manufactured. 

• \ The positive pole activating material was prepared in such a manner that a lithium-manganese oxide was 
prepared by mixing electrolyzed manganese dioxide and lithium carbonate at a ratio of 1:0.4 and by heating 
the mixture at 800°C. Then, ketchen black and tetrafluoroethylene polymer powder were mixed with the pre- 
pared lithium-manganese oxide. Then, it was pressed against a nickel mesh as to be formed as designed fol- 
lowed by performing heat treatment set to 250°C. As a result, the positive pole 203 was manufactured: 
■ ; The separator 208 was manufactured by sandwiching a unwoven polypropylene sheet and a polypropylene 



Example 7-1 j S' " : * " — " 
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- T^SSSSSSSS'^mi » diaaoMna. * 1 M ^»*^»~»*g;<* * • 

_ battery was manufactured. J : - * r^ 'c . ..^ 

- Example 7-3 ^ " ~ ~~ lf;i r ' " - t 

. similarly to Example 7-1. r ,r; «j«„ a ..».h« manner that lithium foil to which tne nickel mesh 

•—• First.thelithiumsurWilmv«srr^^^ 
co,.ector200was.pressed^s^ 
« - by lowerifig the pressure and by ^*««» ^^JSJS^ w» maintained at 6 x 1CH pascal 

20 * battery was manufactured; ~z ^ v u ^ ' . ' / . - - ^ 

■ Example 7-4 ;.• * -'J ^-~- J '* , / .... ^. .-• ;:c-t !£;.'*::'• 

„ pascal b»k^ng the pr^^N^dasa^gtW^^ 
<p^^^^ 

battery was manufactured. t . . 
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Example 7-5 



45 
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added to a mixture of zinc powder and zinc oxide r»wd« ja tjl » « a "* ^ ln ,„ a c«o»- 
p-ncbmg -natal plat. ao .hat the negative P<* «- "^'^^"^^ it w.e dried and : 

■ was added./,.: ..: ts '. . : ~ • • ' r '" ' 1,- ,' ' «' ... , • -• • •• • : ;ic. •-■ * 

The battery was assembled similarly to Example 7-1. ^ •;• ; .-'."'T 

Example 7-6 - ■ > —- : a*' • ' 

Aflat nickel-zinc secondary battery which had a simple structure, which could be assembled simply and 
whic^ad"^ sectiona. shape schematically shown JRj 2 ^SSm^^ P* 
. under the same conditions as those accordmg to Examp e ~ ™ ^ of i. 5 x 
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was obtained. 

The positive pole 203 was manufactured by impregnating nickel hydroxide into a sintered nickel pole plate. 

Then, similar processes to those according to Example 2-1 were performed so that* the nickelzinc sec- 
ondary battery was manufactured. " , 1 

In order to evajuate the performance of the batteries according to the foregoing Examples, batteries ac- 
cording to Comparative Examples were manufactured.. . - . j..* 

Comparative Example 7-1 , ... / . ' t . ! 

Alithium secondary batten 
k of the metal lithium foil was not covered. \.„ /. Y \ , ( 

Comparative Example 7-2 .. , . .. .... - -* ' ^ -*W - . v> . - 

_ A nickel-zinc secondary battery was manufactured by a method similar to Example 7-6 except that the 
surface of the zinc negative pole was not covered. , 

Evaluation of Performance of Lithium Secondary Battery 

The performance of lithium secondary batteries and nickel-zinc secondary batteries according to Exam- 
ples and Comparative Examples was' evaluated. The evaluation was performed by a charge and discharge 
cycle test underthe following conditions with respect to the cycle Mfe of the batteries according to Comparative 
Examples. 

The conditions for the cycle test were made as follows: the charge and discharge was performed by 0.2C 
(electric current which was 0.2 times capacity/ time), pause for 30 minutes and a cut-off voltage of 1 .0V was 
applied. A charging/discharging apparatus HJ-101M6 manufactured by Hokuto Electric was used. The 
charge/discharge test was commenced at discharge, the battery capacity was evaluate the quantity of the 
third discharge and the cycle life was evaluated by the number of cycles when the battery capacity had de- 
teriorated to 60% or less. * \ ^ t ^ ; . . / ; 11/ 

The cycle life of batteries according to Examples of the present invention with respect to the cycle life of 
. the batteries according to Comparative Examples which was made to be 1.0 was as shown in Table 7. 



; " Table 7 



„ , . Lithium Battery Manufactured 


- Cycle Life of Example/Cycle Life of Comparative 
v Example 


Example . * - 


Comparative Example - - 


Example 7-1 


Comparative Example 7-1 


3.6 


Example 7-2 


Comparative Example 7-1 


1.7 r 


Example 7-3 


Comparative Example 7-1 


1.3 5 : 


Example 7-4 


Comparative Example 7-1 


1.6 


Example 7-5 


Comparative Example 7-2 . 


1.8 


Example 7-6 


Comparative Example 7-2 


1.4 



As can be understood from the results of comparisons made between Examples 7-1 to 7-4 and Compar- 
ative Example 7-1 and those between Example 7-5 and Comparative Example 7-2, the cycle life can consid- 
erably be lengthened due to use of the secondary battery according to the present invention. 



Example 8 

A battery which had a simple structure, which could be assembled simply and which had a cross sectional 
shape schematically shown in Fig. 2 was manufactured. ' 

First, an RF (Radio Wave Frequency) discharge plasma processing apparatus having a structure sche- 



51 



EP0 600 718 A2 



10 



15 



20 



30 



35 



10 seem of argon gas were introduced to a plasma processing chamber //^ ™ ug " 9 having a nign 
406 Ziie controlling the interna, pressure in the plasma P™»»no* « 408 

process, a separator for a battery may be .use* ^ ,^^^^^0^ . 

The oosit ve po e activating matenal 203 was prepares »uwi Mfirt 1-n 4 and bv heat- 

. " i j.. T r~ 

tures was sandwiched by unwoven polypropylene sheets. ...... r : .. v:. - 

Example 9 ... . . ..... - -.-.c t, 4 -.*?"!" *.**:-. : : : •-• • • t 

processing substrate holder 501 followed by .njeetmg t ^^^^^Z aM to realize a de- 

gree of vacuum of 1 x (HTorr. Then a gate valve > sua p ^ _ ^ ^ 

to the plasma processing chamber 502 and the ^ ^J^£V^ processing chamber 502 through 
fluoride gas and 5 seem of hydrogen gas were m troduced I into the ^^pmoesslng chamber to 
the gas introduction pipe 

0.01 Torr, microwaves having a frequency of 2.45 onz ™ T °J"W . » - - ^ , t the surface of 
battery was manufactured. .._'/„// ~ 



45 Example 10 



so 
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were performed so that the lithium secondary battery was manufactured. , . , . . - .. ^ 



Example 11 
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battery was manufactured. ■ • '* 

In order to compare and evaluate the performance of the batteries according to the foregoing Examples, 
the following comparative battery was manufactured. v: 

Comparative Example 8 

T ^^A lithium secondary battery was manufactured similarly to Example 8 except that the metal lithium foil, 
:i;^tQ;.vvhich the nickel mesh was pressed, was, as it is, used as the negative pole. ; ' ' " "* / 

- Evaluation of Performance of Secondary Battery * v ~ : ^ j . : 

v .* U- : _ • \:j . - ' . - :\* .c' ■ !ir a. . * 

c; *Vc The performance of lithium secondary batteries according to Examples and Comparative Example was 
evaluated. The evaluation was performed by a charge and discharge cycle test under the following conditions 
15 with respect to the cycle life of the batteries according to Comparative Example/ ~ ~ - * - V " 

The conditions for the cycle test were made as follows: the charge and discharge was performed by 0.2C 
(electric current which was 0.2 times capacity/ time), pause for 30 minutes and a cut-off voltage of 1.0V was 
applied. A charging/discharging apparatus HJ-101M6 manufactured by Hokuto Electric was used. The 
charge/discharge test was commenced at discharge, the battery capacity was evaluated the quantity of the 
20' : third discharge and the cycle life was evaluated by the number of cycles when the battery capacity had de- 
teriorated to 60% or less. - A - - 

- ; .The cycle life of batteries according to Examples of the present invention with respect to the cycle life of 
the battery according to Comparative Example which was made to be 1.0 was as shown in Table 8. 
r./-. :. ~ As can be understood from the results of comparisons made between Examples 8 to 11 and Comparative 
25 Example 8, the cycle life can considerably be lengthened due to use of the secondary battery according to 
the present invention. 



Table 8 



Lithium Battery Manufactured. . ..' 


Cycle Life of Example/Cycle Life of Comparative Example 8 


Comparative Example 8 ' 


' " - ' " ' 1.0 ~ ""* ~ r '^ " : ' 


Example 8 


2.5 


Example 9 


2.0 


Example 10 " ; * * , ! 


rJ ' ' ' 3.0 


Example 11 ' -: y n\ » I 


* 1.7 — ' ' ' " 



40 

Example 12 — 

A liquid-rich test cell similar to the apparatus shown in Fig7 1 was used to conduct tests. 
*• The preparation of materials and assembly of the battery were performed in an atmosphere of dry Ar. Li- 
45 " thium metal foil, to which a titanium collector was pressed, was inserted Into the chamber of an RF plasma " 
v CVD apparatus. Then, the retained gas was exhausted to realize a degree ofvacuum of 2 x lO^ 6 Torr Then, 
u tetraf luoroethylene, ethylene, hydrogen, helium and oxygen were introduced into the chamber, and the internal 
- pressure was maintained at 0.8 Torr. Then, high frequency power of 200 watts was supplied to a parallel and 
flat electrode so that a plasma polymer film of f luororesin was formed on the foregoing sample to have a thick- 
50 ness of 1 00 A. Then, acetylene gas was, as raw material gas, introduced into the chamber, and the pressure 
in the chamber was controlled to 0.1 Torr, and then RF discharge was performed so that a carbon film was 
formed on the surface of lithium to have a thickness of 200 A so that a sample negative eiectrode was man- 
ufactured (see Fig. 9A). 

The positive pole activating material was prepared by heating a mixture of dehydrated and electrolyzed 
55 manganese deoxide, lithium carbonate and black lead. The lithium-manganese composite oxide was mixed 
with tetrafluoroethylene polymer powder, and then it was pressed against titanium mesh to be formed into a 
• ^ desired positive pole. . . :: " L ' 

The separator was manufactured by sandwiching a polypropylene separator having small apertures and 
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"TheTcK 

quantity mixture solvent of propylene carbonate and dimethoxyethane. ...... c 

A lithium secondary battery was manufactured as shown in Fig. i. 



Example 13 



to ExSe 12 was manufactured except that the foregoing sample pole was used as the negative pole. 
. Example 14,::.-:..-^r r - ■-. • ' • ••• j' 1 ; . 7 X^,. V^V.-^.-..' '•• .'- 

Example 15 

- - A solution in which Lumifrbn. which was f lubroresin paint manufactured by Asahi Gjass, and lithium hex- 

- -in Fig. 9F. ■ 



Example 16 ~ " v ^£ 

- A battery was manufactured under the'same conditions as ~^}^^^^^Zr 
hi flC k lead fiber having a specific area of 10 rrfVg or more was paper-made and thus-obtained black lead paper 
^^£5SS3Xn> was disposed between the negative pole and the separator as shown ,n F,g. 

9B. . ~~ 

Example 17 - ' 

The oreoaration of materials and assembling of the battery were performed in an atmosphere of dry argon 
LHhilm 3fo I to wh'ch a titanium mesh collector was pressed, was inserted 

RF discharae was performed so that a nickel film was formed on the surface of the metal foil to have a i tnicK 
! • — J200 Aas ^^be served as a sample pole. A battery was manufactured underthe same conations as 
ZFJttSZSRZ** m tne foregoing sample pole was used as the negative pole.. - 

Example 18 - & : ; - " - 1 1 ' ^ ^ . - 

RF discharge was performed under the same conditions as those according to ^* m ^l°* C °*£* 

to serve as a sample pole. A battery was manufactured underthe same condit,ons as those accordmg to ex 
ample 12 except that the foregoing sample pole was used as the negative pole. 
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Example 19 " . _ . 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon. 
5 Lithium metal foil, to which a titanium mesh collector was pressed, was inserted into the chamber of the RF 
plasma CVD apparatus. Then, the retained gas was exhausted to realize a degree of vacuum of 2 x 10-* Torr. 
Monosilane gas and ammonia gas were, as raw material gas, introduced into the chamber, and then the pres- 
^j. sure in the chamber was controlled to 6.1 Torr to perform RF discharge. As a result, a silicon nitride film was 
formed on the lithium metal foil to have a thickness of 200 A as to be serve as a sample pole. A battery was 
10 £ manufactured under the same conditions as those according to example 1 2 except that the foregoing sample 
pole was used as a negative pole. . . . 

, Example 20 

15 T - . ^Jhe RF discharge was performed under the same conditions as those according to Example 17 except 
that methane gas was used as the raw material together with the hexane solution of acetyiacetone complex 
. of titanium. As a result, a composite film of titanium and carbon was formed on the surface of the lithium metal 
. foil to have a thickness of 250 A to serve as a sample pole. A battery was manufactured under the same con- 
ditions as those according to example 12 except that the foregoing sample pole was used as the negative 
20 pole. ' " . . . - - 

- Example 21 

, . A polypropylene separator was inserted into the chamber of the RF plasma CVD apparatus. Then, the 
25 \, retained gas was exhausted to realize a degree of vacuum of 2 x 1 CM 3 Torr. Acetylene gas was introduced into 
the chamber, and then the pressure in the chamber was controlled to 0.1 Torr and RF discharge was per- 
. formed. As a result, a carbon film was formed on the surface of the separator to have a thickness of 200 A. 
A battery was manufactured under the same conditions as those according to example 12 except that the fore- 
going separator was used and disposed as shown in Fig. 9F. . \T . , *' : -~- 
30 < t *• \.- • ' \" J..,.". / . \ , I. 

^- Example 22 / *'..." *. / . v - _ , 

Under the same conditions as those according to Example 21 except that monosilane gas was used as 
the raw material gas to cover the separator with an atmosphere silicon film. A battery was manufactured under 
35 the same conditions as those according to example 12 except that the separator was used and disposed as 
' shown in Fig. 9F. * - - — 

Example 23 \l " . . . ' . . . \ ( 

40 The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon. 

A polypropylene separator was inserted into the chamber of the RF plasma CVD apparatus. Then, the retained 
gas was exhausted to realize a degree of vacuum of 1 0- 6 Torr. Then, tetraf luoroethylene, ethylene^, helium 
and oxygen were introduced into the chamber, and the internal pressure was maintained at 0.8 Torr. High fre- 
quency power was, by 200 watts, supplied to a parallel and flat electrode so that a plasma polymer film of 

45 fluororesin was formed on the separator. Then, acetylene gas was, as the raw material gas, introduced into 
the chamber, and the internal pressure in the chamber was controlled to 0.1 Torr to perform RF discharge. 
As a result, a carbon film was formed to have a thickness of 200 A. A battery was manufactured under the 
, same conditions as those according to example 12 except that the foregoing separator was used and disposed 
. as shown in Fig. 9G. , .-.-* — .... 

50 ' *- * ' ** * '" ** ' . ,L ' ; \V..." \V 

Example 24 

The preparation of materials and assembling of the battery were performed in an atmosphere of dry argon. 
A fluororesin film haying micropores was inserted into the chamber of the RF plasma CVD apparatus. Then, 
55 the retained gas was exhausted to realize a degree of vacuum of 2 x 1 0r? Torr. A hexane solution of acetyla- - 
cetone complex of nickel was, as the raw material, used as to be bubbled with hydrogen gas as to be introduced 
into the chamber._The pressure in the chamber was controlled to : 1 Torr to perform RF discharge so that a 
. nickel film was formed on the surface of the separator to have a thickness of 300 A. A battery was manufac- 
tured under the same conditions as those according to example 12 except that the foregoing film was used 
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and disposed as shown in Fig. 19C. 

....... . , ■■< ' " ~- * c : '- ?r " ' v 

Example 25 ^ _ \. . > . - , . <• - > 

; Under the same conditions as those Wording to Example 24 except that monosi lane gas y^^as 
thA ^SZs to form an amorphous silicon film on the fluorbresin film having micropores. A battery 

was used and disposed as shown in Fig. 9C. ' \ ...^ - v . r -; : — ^- v^- V.-n 



10 



Ex ample 26 

Abatterywas manufactured underthe same conditions as those according to example 12 except that the fore- 
20 going sample pole was used as the negative pole. 

Example 27 

> -v Thepreparation of materials and assembling of the ^ 
2S LKhiurn metel foil, to which a titanium mesh collector was pressed.was .nserted .nto the <*^«£* 

factored under the same conditions as those according to example 12 except that the foregomg sample pole 
was used as the negative pole. " ' v * .„•.--'.•<• ,-■ ■ • * .--.v.i-n;: • *■ :van -••y-r-.-T-.'. • .-.v. 

35 " ? " Example 28 ' ':' ''<• 

A battery was manufactured under the same conditions as those according to example 27 except that 
blacC lead Si and polytetraf.uoroethy.ene were used as target and the thus-formed composrte f.lm was 

stacked on the surface of the lithium metal foil. f ^ 1 : 
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"Example 29 . - r 

The preparation of materials and assembling of the battery were performed in an ^m^^.^' 
The sample according to Example 12 was inserted into the chamber of the RF plasma ^■^"J**"' 
«s thereteTnedgatwasexhaustedtorea^ 

• ' KSTJiK^^ were introduced into the chamber, and the interna. ^^^^ 

0 8 SfThen" high frequency power was, by 200 watts, supplied to a parallel and f la 
- piasma polymer f £n of Lin on the foregoing sample so that a sample pole y^!X^SSZ 
manufactured under the same conditions as those according to example 12 except thatthe foregomg sample 
so pole was used as the negative pole. j ." : 

Example 30 ^ . . . 4 ,. . -- v ■ . r Jr ^- ' " , ■ ,r 

• • "" The preparatioVof materi^ls and assembling of t he battery 
55 * Lithium metal foil, to which a titanium mesh collector was pressed, was .nserted ^^J^S^A^Z 
aDoaratus Then, the retained gas was exhausted to realize a degree of vacuum of 5 x KHTorr Ar gas was 
aZS to «ow to make the insiSe of the chamberto be an inactive atmosphere. Then, pressure ,r ' ^^ambej 
1?.^!°^ x 1 0-3 Torr. and black lead and LiAsF, were used as the targets to perform RF discharge. 

^ As a^ulC "carbon and LiAsF, were formed on the surface of the lithium metal foil to have a tn.CKness o, 3. 
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A so that a sample pole was obtained. A battery was manufactured under the same conditions as those ac- 
cording to example 12 except that the foregoing sample pole was used as the negative pole. 

5. . Example 31 . _ - \*t ,v4v- ~v. ■■. ' - ■•* 

The separator according to Example 21 and covered with carbon was used, and a fluororesin film having 
microbes was stacked on the coated carbon as shown in Fig. 9H. A battery was manufactured under the 
sanrte conditions as those according to example 12 except that the foregoing film wasUsed. 

\, t Example 32 f _ t _ \ . .t:. :s ^:\ ~- : v. - ^, V - - :zs?rw *.:- or'' 

^ . The spiral and cylindrical battery shown in Fig. 3 was used jn the test, the battery being KR-A type battery 
. having a contour of 17.0 mm and 50.5 mm high. . . >. ■' , C l * * ^ *- - 

f 5 Paste obtained by, together with ethylene glycol, kneading zinc oxide and metal zinc serving as the main 

activating material and polyvinyl alcohol serving as the bonding material was applied to an iron plate applied 
with nickel plating having apertures. Then, drying and pressing were performed so that a zinc pole plate was 
obtained. fc " ' ( 

t . .The zinc pole plate was inserted into the chamber of the RF plasma CVD apparatus to perform RF dis- 
20 ~ charge in such a manner that the proportion of tetrafluoroethylene was high in the initial stage of the discharge 
process and the proportions of acetylene and oxygen were raised in the following stage of the discharge proo 
„ .ess. Asa result, a fluororesin film having a thickness of200 A was formed on the surface of the zinc pole 
nt „ plate so that a sample pole was obtained. ,> , ;v .~ ., ££ 7r > vs . ... ^ *■ t : . , w L : 
] \ • The positive pole plate was manufactured in such a manner that paste was obtained by kneading a solution 
2S t .. ~ in which nickel and wbalt were added to nickel hydroxide and carboxydimethyl ceijulose serving as a bonding 
^ "material, and water was added to the kneaded solution. The paste was injected into foamed metal (Celmet 
manufactured by Sumitomo Denko), and it was dried and pressed. 

A separator (Cell Guard manufactured by Cellanese) was used which was manufactured by integrating a 
film having small apertures and unwoven polypropylene sheet. 
30 The electrolytic solution comprised 30 wt% potassium solution. 

Assembly was performed in such a manner that a wound group in which a separator was interposed be- 
tweer\.the negative pole and the positive pole was inserted into a battery case made of titanium clad stainless 
steel. Then, the electrolytic solution was injected, and the negative pole cap made of titanium stainless steel 
and an insulating packing made of fluorine rubber were inserted and they were caulked so that a nickel-zinc 
35 secondary battery was manufactured. 

Example 33 

The flat type battery shown in Fig. 2 was used to conduct the test. 
40 Tetrafluoroethylene polymer powder was mixed to zinc oxide and metal zinc, and then was pressed against 

a nickel mesh as to be formed into a zinc pole plate. The zinc negative pole was inserted into chamber of the 
RF plasma CVD apparatus, and then fluororesin having a thickness of 50 A and carbon having a thickness of 
200 A were formed on the surface of the zinc pole plate so that a negative pole was formed. 

A positive pole catalyzer layer was formed by adding manganese dioxide to active carbon. Then, a water 
45 repellantf ilm made of polytetrafluoroethylene and dispersed paper made of cellulose were stacked on the pos- 
itive pole catalyzer layer so that a positive pole was formed. A separator made of cellophane and 30 wt% po- 
tassium hydroxide serving as the electrolytic solution were employed. 

Assembly was performed in such a manner that a separator was interposed between the negative pole 
and the positive pole and they were inserted into a battery case made of stainless steel and having small aper- 
50 tures. Then, the electrolytic solution was injected, and then a negative pole cap made of titanium clad stainless 
steel and an insulating packing made of fluorine rubber were used to perform sealing. As a result, an air-zinc 
secondary battery was manufactured. 

Comparative Example 12 

55 

A battery was manufactured under the same conditions as those according to example 12 except that a 
negative pole, which comprised lithium metal foil having no carbon film, was used. 
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v . Comparative Example 13 ' V . V - . , k ^ . * :* : — 

A battery was manufactured under the same conditions as those according to ^^V^WW" 
5 negative pole, which comprised a zinc pole plate which was not covered with the composite f ,lm of the f luo- 
roresin and carbon, was used.^ _ r<t J?;?h^3cj : ^ .l^c:^ ■< -vrT 



i* Comp arative Example 14 ^T- ' ; ■ r 



to A battery was manufactured under the same conditions as those according to example f™**" 1 ** 
negative pole, which comprised a zinc pole plate which was not covered wrth the composrte f .bn of the flu* 

according to Examp.es 12 to 31 and Comparative Example 12 wefe^charged 

w^thaLr^ 

,5'". : o 2 C to a level of 2.8 V: The foregoing tesf was repeated, resulting .n as shown in Table g 

- : ° The batteries respectively according to Examples 32 and 33 and Comparatrve ^Pf^ «a^14wer« 
- charged a current of 0.2 C to 150 then paused for 30 minutes, and then discharged wth a current of 

.^Theresut of the cycle life tests [of ti&*Sw^B«ii^>ilth O^SS^.^^^; 
,„ showntn Table 9 while^naking the cycle life of the batteries according to Comparative Examples 12 to 14 to 

- oe lengthened as compared with CoWarative Examples when a single .^ 

is disposed between the negative pole and the separator, the single ayeMhe multMaver « H^f""* 
n - SSunttl* 'conductor layer maoVbf carbon orntetol or titanium, the aam^uc^ layer . 
25 , SeSl Side, and the insulating layer made of the halide. nitride, carbide or the organ* po.yer ^ccord,ng 

to respective Examples)/" ' ... ^ ' ^ ? >.•_.__ . .v*v v~ : ^i- , <~-* v -" s ' r: 



30 



35 



40 



7 .ax:.: V* : 



45 



50 



55 
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Table 9 



5^ 


Manufactured Secondary Battery ^ 


oycte Lire ot exam pie/ v>ycie lit© or v^omparaiive 
„ * r * Example \ • - * 




Examples 


Comparative Examples 




■:■ 


Example 12- ■* 


Comparative Example 12 - : " 


- -v -. '2.5 - •••• ' -• 




Example 13 


Comparative Example 1 2 . 


• •■■>-.: • V. .- 2.1, < ; . • .r ■ "i . 




Example 14' S 


Comparative Example 12 ' 






Example 15* 


Comparative Example 12 '' 




15 * 


Example 16 


Comparative Example 1 2 


1.3., - ,."r. v •: - 




Example 17 


Comparative Example 12 


. 2.2 . 




Example 18 


Comparative Example 12 


- v, .r.. 2.3 • c '" 


20 r 


Example 19 


Comparative Example 12 , 


. r . 2.0 ' , /- : ■ • 




Example 20 


Comparative Example 12 






Example 21 


Comparative Example 12 






Example 22 ^ ... 


Comparative Example 12 ■ 


■. -'V- ■/-'V 1.5 : :r. : " ' . 




Example 23 


Comparative Example 12 , : 


i£ *' - '\ ■'""■V;vr. ./ 




Example 24 


Comparative Example 12 


/ „:..; , . 1>5 ' ..r , • . 


30 


Example 25 


Comparative Example 12 


1.5 ...... 




Example 26 


Comparative Example 12 


2.2 




Example 27 


Comparative Example 12 


2.1 


35 


Example 28 . _ ; 


Comparative Example 12 . . 


' rv. ; .2.2. ■_" - 


.V 


Example 29 . 


Comparative Example 12 \ 


v ' " 2.0 : ' r .. 




Example 30 


Comparative Example 12 


- . 2.6 : •: -~ 


40 


Example 31 


Comparative Example 12 


; : , , - - . - • . 1.6 ... 




Example 32 . 


Comparative Example 13 


' " ' 2.2 * v " ' 




Example 33 


Comparative Example 14 


2.2 


45 


Example 34 


. _ . ■ . * *. , * *. ~ 





Apolysiloxane film was formed by the following method. *°> ; : * ...... 

so As the film forming compound, 0.05 M (mol/f) an amphipathic compound N-[b-(trimethylammonio) ethy- 

loxybenzoyi]-didodecyl-L-glutamic acid bromide and 0.15 M of trimethoxymethyl silane were processed with 
supersonic waves for 3 minutes as to be dispersed in water. The dispersion solution was developed on a tet- 
raf luoroethyiene polymer sheet (Goatex manufactured by Japan Goa Tex) and allowed to stand at 25°C and 
60% relative humidity for 3 days so that a multi-layer bimolecular film was obtained. The film was treated with 

55 ammonia gas in a sealed glass container to hydrolyze and condense the methoxysilane group. Ethyl alcohol 
was used to' extract and remove the amphipathic compound so that a polysiloxane film was obtained on the 
Goa Tex sheet * " * - * •* " ' r ' ' n * : ^ - 
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Manufacturing of Secondary Battery . .... ... 

- A lithium secondary battery which had Wsimple structure, which could be assembled simply and which 

n «iwm«r of ethvlene tetraf luoride and vinyl ether and which was manufactured by Asahi Glass, ana inen o 

A h stembly T was^formed in such a manner that the separator 208 was interposed between the negative 

. nSrcted Sinless steel and the insulating packing 210 made of fluorine rubber were used to seal so that a 
lithium secondary battery was manufactured. l u-jns-..^; v : . : .: 

Example 35 "■■ : "._ — -- 

- Preparation of Multi-Layer Metal Oxide - ' " ' 

A titanium oxide was prepared by the following method. "~ ~'-.. mr ^^ c -,, rtion of ver v 

A film forming compound, that is,dihexadecyiphosphate was mbcedto , a .^J^-J^l^ 
small particle^ of titanium'oxide (manufactured by Idemitsu), and ^^^^^^Z 
to Examole 34 Then it was developed on a tetrafluoroethylene polymer membrane f .Iter. Then it was oneo 
r at rcT templratuS^esulting in a 'cast f i.m to be obtained which was then cleaned with ethyl alcohol. Then, 
it was baked at 300°C so that a titanium oxide film was formed. 
Thetparat^OSw 

oroDvlene sheets and a polypropylene separator having small apertures were sandwiched. - 

going arrangements. . -' - - - 

Example 36 

A lithium secondar battery was manufactured under the same conditions as those accord big »° ^mple 
35 exC Tat Z tftanium oxide film was immersed in 0.1 % alcohol solution of sHane coupling SH6020 
(manufactured by Toray Dowconing). -^ ro V ; ' [ : ; ' 

Example 37 . . - • - ^ ^ " 1 •' *• ' ' ^ 

Preparation of Multi-Layer Metal Oxide ; . . 

; A cast film obteined snarly to Exampte 35^W*«f^^ 

*' tured the cast film being obtained from a film forming compound brought into class four f rom N-(1 1-bromoun 
d^S^5l£i?2l didodecylester with triethyl amine and amorphous alumina 

The N-MI-bromoundecanoylK-glutamic acid didodecylester was prepared ,n such . ^manner that L Ju 
tamic acid didodecylester hydrochloride salt was synthesized from L-g.utam.c aco ano dodecyU- 
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then the L-glutamic acid didodecylester hydrochloride salt, triethylamine, cyanophsophoric acid diethyl and 
11-bromoundecan acid were used. - » " f> 

5 Assembly of Secondary Battery ^ r.i *r..::^. 

\?%.v* *- ! Anickel-zinc secondary battery which had a simple structure, which could be assembled simply and which 

had a cross sectional shape schematically shown in Fig. 2 was manufactured. 
iifk^^' The positive pole was manufactured by impregnating nickel hydroxide into a sintered nickel pole plate. 
to$ju ^ The negative pole was formed in such a manner that tetrafluoride ethylene polymer powder^serving as 
, v . the bonding material was added to a mixture of zinc powder and zinc oxide powder and they were pressed 
* ^± against the two sides of a copper punching metaljo be formed intothe desired shape._Then, alumina trichloride 
p and phosphoric acid were, in ethyl alcohol, caused to react with each other at 0°C as to dip the negative pole. 
L^-Then, it was gradually heated up to 100°C so that glass-type aluminum phosphate film was formed on the 
is negative pole. . c v* r. - . 

— The electrolytic solution comprised 30 wt% potassium hydroxide containing lithium hydroxide added there- 
to. \ " ' ^ " - 

The battery was assembled similarly to Example 34. . , . , 



20 Example 38 » «.*.-»- *, 

A nickel-zinc secondary battery was manufactured under the same conditions as those according to Ex- 
ample 37 except that the surface of the negative surface was not covered with the aluminum phosphate. 

25 . , Example 39 - 7 

> , A nickel-zinc secondary battery was manufactured under the same conditions as those according to Ex- 
ample 37 except that a positive pole manufactured as follows was used. . . 
r ^n- - Adispersion solution in which was mixed a film forming compound obtained by bringing N-(11-bromoun- 
30.: : 'i decanoyl)-L-glutamic acid didodecylester into class four with triethylamine, amorphous alumina very small par- 
r tides sol and polyvinyl alcohol water solution containing crosslinking material added thereto was developed 
% v : on the surface of the positive pole formed by causing a sintered nickel plate to impregnate nickel hydroxide, 
* r followed by drying the developed solution. Then, crosslinking reactions were caused to take place at 120°C, 
-<l -c and cleared with ethyl alcohol. Then, the material was dried in a vacuum atmosphere so that a positive pole 
35 * covered with a composite film of alumina and polyvinyl alcohol was manufactured. 

In order to compare and evaluate the foregoing batteries, the following comparative batteries were man- 
ufactured. ; * \.' . . . *. 

, Comparative Example 34 ~; . ■. -j \-z- . > - ' 

40 ■ ■ • ■ ': ; *? J ilHvsr- • . • f -.' : : ' • - ■ r -,r.;**- 

: ,.■ r A lithium secondary battery was manufactured under the same conditions as those according to example 
: 35 except that no titanium oxide was used and the lithium of the negative pole was not covered. 

Comparative Example 35 * -c 

A nickel-zinc secondary battery was manufactured under the same conditions as those according to ex- 
.r. ample 37 except that no alumina was used and zinc of the negative pole was not covered. ; 

Evaluation of Performance of Secondary Battery .."„.i*_" 

so 

The performance of lithium secondary batteries according to Examples and Comparative Examples was 
evaluated. The evaluation was performed by a charge and discharge cycle test under the following conditions 
jz- with respect to the cycle life of the batteries according to Comparative Examples. 

The conditions for the cycle test were made as follows: the charge and discharge was performed by 0.2C 
55 (electric current which was 0.2 times capacity/ time), pause for 30 minutes and a cut-off voltage of 1.0V was- 
applied. A charging/discharging apparatus HJ-101M6 manufactured by Hokuto Electric was used. The 
. charge/discharge test was commenced at discharge, the battery capacity was evaluate the quantity of the 
third discharge and the cycle life was evaluate by the number of cycles when the battery capacity had dete- 
riorated to 60% or less. _c -■- - . • : 
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The cycle life of each battery with respect to the cycle life of the battery according; to ; Comparative Ex- 

amnies which was made to be 1 was as shown in Table 2. ■ 

Example 34 and those between Examples 37 to 39 and Comparative Example 35. the cycle Irfe can be length- 
Sue to use of the secondary battery having the structure according to t^P^lrw.^ 
»c*v<*s* arc:. '^'^^^ / " ■ Table 10 ^ v * »*" 



' Z^-* ' ~". V-i Secondary Battery :^ 


Cycle Life of Example/Cycle Life of Comparative Example 


Example,;.,^ . 


Comparative Example 


Example 34 ' 


Cornparative Example 34 


. • . - - - • b«"*r. jnv-: . • 

" * 5.4 

- - «-.. r • ■ - - - • ~ * ■ 


Example 35 


Comparative Example 34 


2.1 : " 


Example 36 . 


Comparative Example 34 


2.3 


Example 37 


Comparative Example 35 


- :: -'- L " ' ' ' " ' ■ 2.6 ' ■ ■ 


Example 38 


Comparative Example 35 


1.9 " — 


Example 39 r 


Comparative Example 35 


, : 2.2 - ^r-- .. :.A 



Example 40 ~ 

A lithium secondary battery which had a simple structure, which could be assembled simply and which 
had a cross sectional shape schematically shown in Fig. 2 was manufactured. < ■■ ■■ - _ 

?hTp^«te pole activating materia. 203 was manufactured in such a manner that «°^**™ n ** , 
nese dioxide and lithium carbonate were mixed at a ratio of 1:0.4. Then, the mature was heated to 800 C so 

to the prepared lithium-manganese oxide, and pressed against a nickel mesh as to be formed ^^l*" 

■ P ° le Then the"^ositrve pole was immersed in a solution 'of Teflon AF which was a copolymer of tjtr^uoro- 
ethytene and r^MrifLoinrtlqM^dlfluom-l. 3-dioxo. and which was manufactured by - Dupont. and then - 
it was dried As a result, the positive pole 203 covered with the f luororesm was manufactured. 

In an^tmosphere of dry a^on gas. the titanium mesh collector 200 was pressed against the reverse side 
of the^ThSme P tetfoi..and\henthl lithium 

ethylene tetrafluoride and vinyl ether and which was manufactured by Asahi Glass^ 
h« hardened so that the lithium negative pole 201 covered with the fluororesin was manufactured. 
b8 'TES^a^I. p^pared' by driving, by 1 M (mol/l). borfc acid tetrafluoride .ith,um salt ,n 
' an equal quantrty mixture solvent of propylene carbonate (PC) and dimethox V**™}™*]-. 

The separator 208 was manufactured in such a mannerthat a polypropylene separator having small aper 
tures was sandwiched by unwoven polypropylene sheets. i^zJL^, th« native 
The assembly was performed in such a manner that the separator 208 was held between the negative 
pole 201 and the posmve pole 203 as to be inserted into the posrtive case 207 made 
steel. Then, the electrolytic solution was injected, and then the netative pole cap made of t ^ d«d M 
less steel and the insulating packing 210 made of fluorine rubber were used for sealing so that a lithium sec- 
ondary battery was manufactured. - • '. ----- - ----- - 

Example 41 - * r " - ; . , . f r. .;* 

' ' T Alithium battery was manufactured under the same conditions as those according to example 40 except 

■^^^^^^ to Example 4o! Then. ^^to^JSZ 
an acetonitryl soluUon. in which were dissolved 0.1 M of monomer of benzo-1 5-crown-5 and 2. M of riaet n> 
. fy^ic boronicacid tetrafiuonde tetrabuty. ammonium salt. Then, the platinum -"^^"^J^ 
ode pole, and voltage of 3 V was applied to perform electrolysis and polymerization so that a large nng com- 
pound polymer covering film was formed on the surface of the positive pole. 
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In an atmosphere of dry argon gas, the titanium mesh collector 200 was pressed against the lithium metal 
foil so that the negative pole was manufactured. 

Then, similar processes to those according to Example 40 were performed so that the lithium secondary 
5 battery was manufactured". - , - Jt 

Example 42 , - . ? .*<:.; 

^ V"' A lithium secondary battery which had a simple structure, which could be assembled sUnply and which 
i(r.t } had a cross sectional shape schematically shown in Fig. 2 was manufactured. z . . „ r :z - 

The positive pole was manufactured by a similar process according to Example 40. Then, peroxide benzoyl 
i_ /and boronic acid tetrafluoride lithium were dissolved in a tetrahydrbf uran solution of poly (2-vinyl naphthalene) 
/. manufactured by Aldrich Chemical Company, Inc. Then, the positive pole was immersed.in it, and then heated 
to 100°C so that the positive pole 203' covered with pbl/(2-viny1 naphthalene) was iman^^ r 
is Then, similar processes to those according to Example 41 were performed so that the lithium secondary 

'I' battery was manufactured! r'-"" ./ ^ ■ <,,., :\ol"i j\' * *' " 

Example 43 , . t c - u ? ~* • * , ■ >-J. v .** i • ^ - 

20 The positive pole was manufactured by a process similar to that according to Example 40. Then, boronic 

acid tetrafluoride lithium salt was added and dissolved in a toluene solution PPZ-U1001 manufactured by Ide- 
u * mitsu. Then, the positive pole was immersed,*and previously dried, and then ultraviolet rays were applied so 
that the positive pole 203 covered with polyphosphazene was manufactured. 

Then, similar processes to those according to^Example 41 were performed so that the lithium secondary 
25 battery was manufactured. — — — — - - ~ - ~ 

Example 44 ' .. . 

The positive pole was manufactured by a process similar to that according to Exampje 40; The thus- 
30~ r: ^ manufactured positive pole was injected into a sputtering apparatus. Then, the retained gas was exhausted 
„ to realize a degree of vacuum of 2 x 1 0^ 6 Torr. Then, argon gas; which was a mixture of 1 0% nitrogen gas and 
5% acetylene gas, was allowed to flow. The internal pressure was controlled to 3 x 1 0- 3 Torr, and lithium f luride 
- was made to be a target of sputtering. As a result, the positive pole covered with carbon and a film made of 
"'^ lithium nitride containing fluorine were formed. * - ^ r ; i / .j} : - 
35 " Then, similar processes to those according to Example 41 were performed so that the lithium secondary 
battery was manufactured. - - -~ - ' — - ----- - -* 

Example 45 * — - : 

40 ~ A nickel-zinc secondary battery which hadfa simple structure, which could be assembled simply and which 
had a cross sectional shape schematically shown in Fig. 2 was manufactured. 

The positive pole was manufactured in such a manner that zinc hydroxide was impregnated in a sintered 
nickel pole plate. Then, acetic acid and water were added to an ethyl alcohol solution of tetraethoxy silane to 
be dehydrated. Then, diethylamine was added so that colloidal silica was formed. Then, the positive pole was 
45. . immersed in the colloidal solution of the silica, and dried at 100°C. As a result, a silica film was formed on 
the surface of the positive pole. •■c . ' . ^ . . 

The negative pole was manufactured in such a manner that ethylene tetrafluoride polymer powder serving 
as a bonding material was added to a mixture of zinc powder and zinc oxide powder, then they were pressed 
to the two sides of a copper punching metal as to be formed into the negative pole, 
so The electrolytic solution comprised 30 wt% potassium hydroxide water solution to which lithium hydroxide 

wasadded. . 6 ... ; , v r r- **> 

: : The battery was assembled similarly to Example 40. ' ; . , • -~ *: ■~ 

. - . In order to compare and evaluate the performance of the batteries according to Examples, the following 
comparative batteries were manufactured.,." •' ' . olv 

55 : ■ - • ■ - •• v : .. - • : : - .'. - ■ . •:; - '■ ' ^ 

... > Comparative Example 40 / . * - ■ ; ■ * 

A lithium secondary battery was manufactured under the same conditions as those according to example 
40 except that the positive pole and the negative pole were not covered. 
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Comparative Example 41 

- A nickel-zinc secondary battery was manufactured under the same conditions as those according to ex- 
ample 45 except that the surface coating was omitted. 

Evaluation of Performance of Second ary Battery 

'respect to the cycle life of the batteries according to Comparative Examples. The c 0 "' 111 " 1 " 3 .^; Smes 

of tl^JKKI^tto cycle life was evaluate by the number of cycles when the battery capacty had 
dete ?SeTc.e iffe of^cTbattery with respect to the cycle life of the battery according to Comparative Ex- 

Exampi?11 and those'between Example 45 and Comparative Example 41, the cycle hfe can be lengthened 
dueTc >use of the secondary battery having ^ . , 



Secondary Battery Manufactured 


Cycle Life of Example/Cycle Ufe of Compatanve 
Example 


Example ; 


. Comparative Example 


Example 40 


Comparative Example 40 


: ' ' 5.1. V 


Example 41 


Comparative Example 40 


2.0 ' ' : - 


Example 42 


Comparative Example 40 


. . - . 1.4 - . ■ ' 


Example 43 


Comparative Example 40 


' 7 " : ' . i.e.-" '■ .'- 


Example 44 


Comparative Example 40 


1.8 


Example 45 


Comparative Example 41 


1.7 
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40 



45 



50 



55 



Preparation of Positive Pole Activatin g Material : . f:: ^ 

Method of preparing the positive pole activating material according to the present Ihventlonjre e^nv 
pHfl^ to 55 and the conventional prepared methods are exemphf .ed by Com- 

parative Preparation Methods. ■ _. . f r; 

Preparation Method 46 . ^ - r 

A lithium-manganese oxide was prepared as follows. ft - manufactured bv 

Manqanese acetate was dissolved in water, and then super f me nickel powder ENP-005 manufactu ed oy 

SbSSS^St sedimentation was generated. Then. ethy. aicoho, ^^'^^ 
.iquid of the solution including the sediment was removed by de«nfct,on. The <"V£ 
wo^ntation were reoeated Then it was dissolved in 0.1% methyl alcohol solution of Sila Ace S210 (vinyime- 

by a centrif ugal separator. The obtained sedimentation was dried at 120°C. and dned at 200 C « a 
drier so that grains of manganese oxide were prepared. 
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The size of crystal grains was measured from the half value width of the X-ray analysis curve with respect 
to a manganese oxide and the angle of diffraction in accordance with the Scherrer's Equation. The size of 
/- the crystal grain was 60 A or larger. ...j *: * 
5 ; * The RHEED pattern resulted in a ring pattern like a halo pattern. 

The X-ray radial distribution function resulted in a continuous and moderate peak curve. - ' 
^ The scattering angle and the scattering intensity obtainable from the X-ray small angle scattering method 
""resulted in non-uniform density fluctuation to be observed. ; cr.>. : t:t • ' 

, The specific area was measured by the BET method, resulting in that the specific area was 123 rr^/g. 
f0'. .v ■ * *~ ;'.>.._." ; ~- " : y Mr*!/!.". . \v« r^'iunt '^.^ . 

-sari. Preparation Method 47 «; tv>^' rv - ' ' ' rk : .re./:.. ~- - *. "".'« 

^ * Vanadium oxide was prepared as follows. *; 1 . ; , 

Vanadium pentaoxide was gradually added to a water solution of lithium hydroxide as to be dissolved. 
is While applying supersonic vibrations, the water solution was sprayed into liquid nitrogen as tobef rozen. Then, 
the temperature was raised to -20°C, and the pressure was lowered so that freezing and drying were per- 
formed to dehydrate and dry the material. Obtained grains were dried at 150°C, and further dried in a vacuum 
. , drier at 250°C so that grains of vanadium oxide were obtained. Then, the sample was immersed in 0.1 % iso- 
propyialcohol solution of tetra-iso-propoxytitanium, and then the solvent was remove by a centrifugal sepa- 
20 rator. The obtained sedimentation was dried at 120°C, and then dried at 200°C in a vacuum state so that grains 

of manganese oxide were prepared. :..-;■•.* *-"'.■' -* — " ' * v ~-' 

Although the size of crystal grains was intended to measure from the half value width of the X-ray analysis 

curve and the angle of diffraction in accordance with the Scherrer's Equation; it could not be measured be- 
cause the diffraction curve resulted in a broad form. - 
25 . ; The RHEED pattern resulted in a halo pattern. * < :.:r. :•-*.-.-:» 

. The X-ray radial distribution function resulted in a continuous and moderate peak curve. /> . 

The scattering angle and the scattering intensity obtainable from the X-ray small angle scattering method 
resulted in non-uniform density fluctuation to be observed. ■ - ** 

The specif ic area was measured by the BET method, resulting in that the specific area was 1 05 rr^/g. 

--- - Preparation Method 48 : — >: l. ; ' ~v ; _ , ~, 

"~ z : ' A lithium-nickel oxide was prepared as follows. r"_ 1 -■; * r : " 

Nickel acetate was dissolved in a mixture solvent of acetic acid, ethyl alcohol and water. While vibrating 
35 the solution with supersonic vibrations of 20 kHz, an ethyl alcohol solution of ethoxylithium, which was alk- - 
• .- oxide, was dripped as to be mixed. Then, the solution was heated to 80°C to enhance the hydrolysis decom- 
position reactions so that sol was generated. The supernatant liquid of the solution including the sol-shape 
- • sedimentation was removed by decantation, cleaned with ethyl alcohol, the decantation was repeated and 
the solvent was removed by a centrifugal separator. The obtained sedimentation was dried at 1 50°C, and then 
40 suspended in a non-electrolyzed nickel plating solution Ni-701 manufactured by Kojundo Kagaku. Then, it was 
heated to 70°C, nickel coating was performed, and water cleaning and decantation were repeated. Then, ethyl 
alcohol cleaning was performed, and decantation was repeated, and then the solvent was removed by a cen- 
trifugal separator. The sample was dried at 230°C in a vacuum state so that grains of nickel oxide were ob- 
tained. . _ ... . r . - ./* 
45 Although the size of crystal grains was intended to measure from the half value width of the X-ray analysis 
curve and the angle of diffraction in accordance with the Scherrer's Equation, it could not be measured be- 
cause the diffraction curve with respect to an oxide resulted In a broad form. 

The RHEED pattern resulted in a ring pattern considered due to nickel plating. The pattern before the nick- 
el plating process resulted in a halo pattern. 
so The X-ray radial distribution function resulted in a continuous and moderate peak curve. The scattering 

angle and the scattering intensity obtain-nable from the X-ray small angle scattering method resulted in non- 
uniform density fluctuation to be observed, c - • * * ; 
The specific area was measured by the BET method, resulting in that the specific area was 210 rr^/g. 

55 Preparation Method 49 „ V" " * - * " *" A " 

A lithium-nickel-cobalt oxide was prepared by the following method. 

Nickel nitrate and cobalt nitrate were dissolved in water, and then a water solution of lithium hydroxide 
was dripped to a solution of the nickel nitrate and cobalt nitrate while vibrating with supersonic vibrations of 
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20 kHz until the pH was 8 or higher so that sedimentation was generated. Then. ethyl M»U» added so 
that the supernatant liquid of the solution including the sedimentation was removed by ^f^-^^ 
lohddeaning and the decantation were repeated and the solvent was removed by a centrrf ugal separator 
The obtained sedimentation was dryed at 120'C. dried at 200-C in a vacuum state so that grains of a nickel 

^^XyTSn. was measured from [he ha, value wioth of the X-ray anaiysis cJrve and the 
angie of ^fraction in accordance with the Scherrer-s Equation.^ size of the crystal gram was 140 A. 

The RHEED pattern resulted in a ring pattern like a halo pattern.- ^ . - ! . " " 

" \he X-ray radial distribution function resulted in a continuous and moderate peak curve. ■ 

The severing angle and the scattering intensity obtainable from the X-ray small angle seating method 
resulted in non-uniform density fluctuation to be observed. 

The Specific area was measured by the BET method, .resulting in , that the specrfK^eawas 160 m*/g. 

. Preparation Method 50 ' / ■t'^ -x tO">vr. ~ ' ^^-'^^^[^ 



- A Vanadium-molybdenum oxide was prepared as follows. -O .«-.• - ^ * ■■■■>•>■> ^ . a . '..^^ w waa flrad . 
Vandvlsulfateandmolybdenumsulfatewereaddedtowaterastobesuspendedandaceticac^ 

ually aSded as to be dissolved. Then, a water solution of lithium hydroxide was dripped to a solution of the 

JaLiu^xWelda^ticacidwhilevibratingw^ 

sotha sedTmenLionwasgenerated. Then, ethyl alcohol was added sotha^ 

uSonin^ 

were repeated and the solvent was removed by a centrifugal separator. The obtained sed,mentet.on was oryeo 
at 120°C dried at 200°C in a vacuum state so that grains of a vanadium oxide were prepared. • > ^ 

The size of crystal grains was measured from the half value width of the X-ray <^«« the 
angle of diffraction in accordance with the Senear's Equation. The s.ze of the crystal gram was 80 A. 

The RHEED pattern resulted in a ring pattern like a halo pattern. - 

The X-ray radial distribution function resulted in a continuous and moderate peak curve - . . 

The scattering angle and the scattering intensity obtainable from the X-ray small angle scattenng method 
resulted in non-uniform density fluctuation to be observed. . 

The specific area was measured by the BET method, resulting in that the speafjc_area vyas.100 m*/g. 

Preparation Meth od 51 - . . t „ ... , . • 

f Vanadium-molybdenum oxide was prepared by the following method, .-u^ ;c ''^/^' ^ moQ „ 
■ The vanadium oxide and the molybdenum oxide were mixed at a ratio of 7:3. and heated up to 800 C as 

tobeme^^ 

was a mixture of 20% oxygen and 2% hydrogen with argon gas. It was sprayed at high speed to a cooled and 
retaining metal disc so that grains of vanadium oxide and molybdenum oxide were prepared. _ 
. ZsTze of crystal grains was measured from the half value width of the ^ «^ Jj the 

angle of diffraction in accordance with the Schemer's Equation. The s.ze of the crystal gram was 110 A. 

The RHEED pattern resulted in a ring pattern having weak intensity ' , 

■ -c .The X-ray radial distribution function resulted in a continuous and moderate peak curve. _ 
" The scattering angle and the scattering intensity obtainable from the X-ray small angle scattenng method 
resulted in non-uniform density fluctuation to be observed. — 
... The specific area was measured by the BET method, resulting in that the specific area was 60 rrtfg. 

: Preparation Method 52 • . - 

, Titanium sulfide was prepared by the following method. s - ' u - ■ * ~J "j n aonaratu8 de _ 
Hvdrooen aas was allowed to flow by 500 seem into a reaction chamber of a plasma CVD apparatus oe- 
* qasiS 7s to be vaSurn^te. The pressure was maintained at 10 Torr and discharge was caused I to itake 
pface al a h gh Trequency wave of 13 56 MHz. Then. 200 seem of helium gas was. as a earner gas bubbled 
fn a"exan sWn of teTrabutoxytitanium. and injected by 200 seem through a noz*e 
ber of the plasma CVD apparatus. Simultaneously. 250 seem of hydrogen sulf.de was mtroduced as to be re- 
acted in a aas phase to capture grains of titanium sulfide by a capturing machine. <■ 

The size of crystal grains was measured from the half value width of the X-ray analysis curve and the 
angle o^ diffraction in accordance with the Scherrer's Equation. The size of the crystal gram was 200 A. 
■- •■• " The RHEED pattern resulted in a ring pattern having weaK intensity. 
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The X-ray radial distribution function resulted in a continuous and moderate peak curve. 
The scattering angle and the scattering intensity obtainable from the X-ray small angle scattering method 
resulted in non-uniform density fluctuation to be observed. - ■• . •* \\ 

5. The specific area was measured by the BET method, resulting in that the specific area was 175 nr^/g. 

.^.♦ Preparation Method 53 /r . / i"-/;: :-.np . ~v**r * ■': ^ 

.si ' Lithium-iron-cobalt oxide was prepared by the following method. 
io s &. Amixture solution of0.5mol/l cobalt chloride and 1 mo! ferric chloride mixed at a ratio of 1:1 was gradually - 
. .wadded to a 5 mol/l water solution of lithium hydroxide while stirring and, bubbling argon gas. Then, reaction 
chamber was set to 100°C to be matured. After the maturation, it was injected into cooled water, and cleaning 
was performed with water cooled by water by means of decantation until the pH of the solution was 8. It was 
dried at 200°C in a vacuum state, and crushed by a ball mill in an atmosphere of argon gas. : ^ 
is . . - The size of crystal grains was measured from the half value, width of the X-ray analysis curve and the 
angle of diffraction in accordance with the Scherrer's Equation. The size of the crystal grain was 150 A. 
The RHEED pattern resulted in a ring pattern having weak intensity to be observed. . , v _ . . ^ 7 
The X-ray radial distribution function resulted in a continuous and moderate peak curve. 
The scattering angle and the scattering intensity obtainable from the X-ray small angle scattering method 
20 resulted in non-uniform density fluctuation to be observed.- - f . ^ ^ i 'c . 

The specif ic area was measured by the BET method, resulting in that the specif ic area was 2100 m 2 /g. 

Example 54 — - : r . — - • • L v- ^ v : : ' - J-i: v -V. zcl 

- • i . jr.- ■■' .'-.* - -.i*r-: . yr : *i 7.**" : * . -O «... 

25 Manganese Acetate, magnesium chloride and urea were added to a solution in which 300 g of vanadium _ 

pentoxide was dissolved in 2 litters of hydrochloric acid, followed by heating the solution to 95 to 95°C for 10 
minutes to generate ammonia. Lithium hydride solution was dripped to make the pH to generate sediment. 
. Then, decantation and water cleaning were repeated, and then cleaning with ethyl alcohol was performed, 
= .-and the material was dried by a spray drier. Then, the sample was dried at 200°C in a vacuum state. 
30 The size of crystal grains was measured from the half value width of the X-ray analysis curve and the : 

----- angle of diffraction in accordance with the Scherrer> Equation. The size of the crystal grain was 90 A. 
. The RHEED pattern resulted in a ring pattern like a halo pattern. . _ : . r 

The X-ray radial distribution function resulted in a continuous and moderate peak curve. 
The scattering angle and the scattering intensity obtainable from the X-ray small angle scattering method 
35 resulted in non-uniform density fluctuation to be observed. , . ; 

... The specific area was measured by the BET method, resulting in that the specific area was 80 n^/g. 

Preparation Method 55 * ^ . . : ^ ■ " 



40 A lithium-copper-cobalt oxide was prepared by the following method. ... t . 5 /: . ~ . . * 

. . An oxalic acid was added to a water solution in which a copper sulfate and a cobalt nitrate were dissolved. 
. Then, supersonic vibrations were applied, and lithium hydroxide was dripped until the pH was 7 so that sed- 
imentation was generated. Water cleaning and decantation were repeated, and then, a water solution of lithium 
hydroxide was added, supersonic vibrations were applied, and an ethyl alcohol was added. Decantation and 
45 cleaning with ethyl alcohol were repeated, and the material was dried by using a spray drier. Further, the ma- 
terial was dried at 200°C in a vacuum state. 

The size of crystal grains was measured from the half value width of the X-ray analysis curve and the 
angle of diffraction in accordance with the Scherrer's Equation. The size of the crystal grain was 160 A. 
The RHEED pattern resulted in a ring pattern having weak intensity. 
so The X-ray radial distribution function resulted a continuous and moderate peak curve. 

The scattering angle and the scattering intensity obtainable from the X-ray small angle scattering method 
resulted in non-uniform density fluctuation to be observed. . - 

The specific area was measured by the BET method, resulting in that the specific area was 50 n^/g. 

55^ Other Analyses ' - : - - - - ; * o - - 

The SIMS analysis resulted that the positive pole activating materials according to Preparation Methods 
46 to 55 contained hydrogen and lithium. Also the dehydration peak of each TG (Thermogravi metric analysis), 
DTA (Differential Thermal Analysis) and DSC (Differential Scan Thermal Heating Value Measurement) and 
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the absorption spectrum of FTIR (Fourier Transform Infrared) resulted that a hydroxyl group was present. 

Comparative Preparation Method 46 " v. ir " 

" Kinzoku and IKhium carbonate^ 

mixed each otherSa ratio of 1:0.4 and they were heated at 800'C so that .ithium manganese ox.de was 

-^T^size of crystal grains was measured from the half value width of the X-ray analysis curveandth. 
J aJXwnctZnl* atcordance with the Scherrer's Equation! The size of the crystal g ? .n was 600 i Aor 

■ v^he RHEEb pattem resulted in a ring pattern in which a spot pattern could be confirmed.- - 
The X-ray radial distribution function resulted in discontinuous peak curve. • • V 

^ThbiSareawasmeas^ 

Comparative Preparation Method 47 •" ; . ,, : ,-\ ;r —• 



20 



25 ' 



30 



35 



AreadentmanijfarturedbyWakowasdriedat400«CinavacuUmstate. • ' nH th « 

?hTs1ze oTcrysteigreins was measured from the half value width of the X-ray analysis curve and the 
angll * diction in accordance with the Scherrer-s Equation. The size of the crystal gram was 800 A. 
The RHEED pattern resulted in a ring pattern in which a spot pattern could be confirmed. 
The X-ray radial distribution function resulted in discontinuous peak curve. - - . - 

The specie area was measured by the BET method, resulting in that the spec.f.c area was 4 ^. 

' Comaprative Preparation Method 48 -V.. , 

' Alithiurrvnickeloxide .was prepared by the following method. _ waa'haated 

A lithium carbonate and nickel nitrate were mixed at an equal mol ratio of 1:1 and the mixture was heated 
to 800°C so that a lithium-nickel oxide was prepared. ~ .. .* ... anM thd 

The stee of crystal grains was measured from the half value width of the X-ray analyse curve and the 
angle of oWr.^ Equation. The size of the crystal gram was 2000 A or 

The RHEED pattern resUlted in a ring pattern in which a spot pattern could be confirmed. 
The X-ray radial distribution function resulted in discontinuous peak curve. 

The specific area was measured by the BET method, resulting in that the specf » area was 50 m*/g. 
Comparative Preparation Method 49 

40 A lithium-nickel-cobalt oxide was prepared by the following method _ . . " 

a nthilim carbonate nickel carbonate and cobalt carbonate were mixed at a mol ratio of 10.3.7 ana ine 
■ nJ^^SSSiS^f^ hours as to be decomposed so that a nickel-cobalt oxide was prepare* 
jZ sSe o?crys£l grains was measured from the half value width of the X-ray analysis curve and the 
: angle of diffraction in accordance with the Scheme Equation. The size of the crystal gram was 1100 A or 

45 lar9 The RHEED pattern resulted in a ring pattern in which a spot pattern could be confirmed. 

The X-ray radial distribution function resulted in discontinuous peak curve. ^ 
- The specif ic area was measured by the BET method, resulting in that the specie area was 40 m*/g. 

• • • • :.»- •" '" 

so Comparative Preparation Method 50 

A vanadium-molybdenum oxide was prepared by the following method. .»u Mterttn 
A vanadium oxide and a molybdenum oxide were mixed at a ratio of 7:3. ^^^T^J^ £ 
800'C in a platinum crucible as to be melted and mixed. Then, the mixture was cooled gradua so tr£ tha 
55 block-shape vanadium oxide and molybdenum oxide were prepared. They were crushed by a roller m.ll so that 

arains of vanadium oxide-molybdenum oxide were prepared. 

9 The siz^of costal grains was measured from the half value width of the X-ray analysis curve and lrie 
angle of direction in accordance with the scherrer-s Equation. The size of the crysta. gram was 700 Aor larg- 
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The RHEED pattern resulted in a ring pattern in which a spot pattern could be confirmed. 
*" The X-ray radial distribution function resulted in discontinuous peak curve. 
The specific area was measured by the BET method, resulting in that the specific area was 10 rr^/g. 

Comparative Preparaton method 51 ■ - ' ' * * - / * 

jf^i^. ' A tjtanium sulf ide r was prepared by the following method. .. + -- - 4 r i 

*" A titanium disulfide powder manufactured by Kojundo Kagaku was dried at 4Q0°C in> vacuum state. 

id 1 * v ThVsize of crystal grains was measured from the half value width of the X-ray analysis curve and the 
\- ^ angle of diffraction in accordance with the Scherrer's Equation. The size of the crystal grain was 900 A or 

larger :■. ■ : \- ' 

The RHEED pattern resulted in a ring pattern in which a spot pattern could be confirmed. — - 
^ T he X- ra y radial distribution function resulted in discontinuous peak curve. . ( , .. s ^ , 
is - r The specific area was measured by the BET method, resulting in that the specific area was 50 rr^/g. 

Comparative Preparation method 52 

a A lithium-iron-cobalt oxide was prepared by the following method. 
20 [ ' ~ Lithium carbonate, iron acetate and cobalt carbonate were mixed at the same mole ratio, and decomposed 
'at 600°C in air so that an iron cobalt oxide was prepared. Then, it was crushed by a ball mill so that grains 
were obtained. ...... • . / 'V ^ , >"7J« 

v " v *' r ' The size of crystal grains was measured from the half value width. of the X-ray analysis curve and the 
angle of diffraction in accordance with the ScKerrer's Equation: The size of the'crystal grain was 1 000 A or 

25 larger t _ • - - . . - ..... .... .- rq— - 

^The, RHEED pattern resulted in a ring pattern in which a spot pattern could be confirmed. t , ^ 
• "1 The X-ray radial distribution function resulted in discontinuous peak curve. '7* 
V - 1 ^ The specific area was measured by the BET method, resulting in that the 'specific area was 40 nr^/g. 

30 Comparative Preparation Method 53 ; "~ / V^"~" V 1 - - /. 



, A manganese containing magnesium added thereto-vanadium oxide was prepared by the following meth- 
od. ' "*" w "- r ^ ^ " : " ^1". ^. . ~_ . .77/ / 

A manganese dioxide, vanadium pentaoxide and magnesium hydroxide were mixed at a' mol ratio of 10:10: 
35J " 1 , and then they were decomposed at 700°C in air. As a result, the manganese containing magnesium added 
. thereto-vanadium oxide was prepared. Then, they were crushed by a ball mill so that grains were obtained. 
' " / ' The size of crystal grains was measured from the half value width of the X-ray analysis curve and the 
^ angle of diffraction' in accordance with the ScKerrer's Equation. The size^of the crystal grain was 1300 A or 
larger. 

40 The RHEED pattern resulted in a ring pattern in which a spot pattern could be confirmed., 

The X-ray radial distribution function resulted in discontinuous peak curve. 

The specific area was measured by the BET method, resulting in that the specjf ic area was 27 m 2 /g. 

Comparative Preparation Method 54 rn . 

45~ z " ' - ; ' : 1 '/-.Z - ' • 

A lithium-copper-cobalt oxide was prepared by the following method. " ' " 

A lithium carbonate, cobalt carbonate and copper carbonate were mixed at the same mol ratio, and then 
they were decomposed at 600°C inair. As a result, the manganese containingmagnesium added thereto-va- 
' nadium oxide was prepared. Then, they were crushed by a ball mill so that grains were obtained. 
so w The size of crystal grains was measured from the half value width of the X-ray analysis curve and the 
~ angle of diffraction in accordance with the Scherrer's Equation. The'size of the crystal grain was 1100 A or 
larger. - - . 

The RHEED pattern resulted in a ring pattern in which a pot pattern could be confirmed. . 
The X-ray radial distribution function resulted in discontinuous peak curve. - ~ 

55 _ The specific area was measured by the BET method, resulting in that the specific area was 10 nWg. 

Analyzing Apparatus " r ^ ^ r 4 

The positive pole activating material prepared by Preparation Methods 46 to 55 and Comparative Prep- 
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aration Methods 46 to 54 were analyzed by using the following apparatuses. The X-ray diffraction measure- 
ment was performed by using MXP3VA manufactured by MacScience. ^ ; n l«-hi 
™^&EED measurement was performed by using 

The specific area measurement by the BET method was performed ^s^.GEMirJ12300 manufactured 

^ M is S of the comparisons between the transition metal and the "group 6Aeiement accordjnj Mo , ft£ 

Manufacturing of Lithium Secondary Battery ^ ^ r , . ^ £ . ^ : ^ „ . nv::c. ~ 

^ Uthium secondary batte^eW^ matepais prepared 

by the foregoing preparation m*ethods. 

Example 46 

Tha posltlva pola acUvatlna mated* pn.pafad by th. U^ P mM ii , M,, ^?°* ""^ ™^ 
SJiS aLtan had a slmpl. st,uct U », which could b. MM «My and I «** « » W," 

cd*.rKl.*ich'w,.i^^ 

- .< JpllaloT .X pola 203, fblibw* by Irs-tiro than Into a poalliv, pola 

so that the lithium'secondary battery was manufactured. . :r . 

Example 47 ;v • ' . 

Thava-nadiumoadapr^ 

' w.^^h1ha M«iW*«r*>, as th. pott* pola activating maWal »^»'?^» "L^ 

battery shown in Fig. 2 was assembled. 



Exampie 48 



simple structure; which could be assembled simply and which had a cross sect,onal shape schematically 
Sh °pUt.th 9 e LTe! m"ctor was pressed against the reverse side of the lithium meta. foil in an atmos- 
phere of dry argon gas so that the negative pole was manufactured. 
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Acethylene black powder and tetrafluoroethylene polymer powder were mixed with i the lithium-nickel oxide 
prepared by Preparation Method 48 and serving as the positive pole activating material. The mixture was 
pressed against the nickel mesh with heat as to be formed into the positive pole 203. . 
5 . ^.Then, similar processes to those according to Example. 46 were performed so .that the lithium secondary 
battery shown in Fig. 2 was assembled. 

Bcample 49 ~}3.v- <j , - 

to. ^ -:f-vThe lithium-nickel-cobalt oxide prepared by Preparation Method 49 was used as the positive pole acti- 
T : .r vating material so that the battery shown jn Fig. 2 was manufactured by the process similar to that according 
to Example 48. -i * a ^ * In 



15 



Example 50 " ;l£^il£r : :1 t - 

v 

The vanadium-molybdenum oxide prepared by Preparation Method 50 was used as the positive pole ac- 
. Jj'-Vivating material so that the battery shown jn Fig. 2 was manufactured by the process similar to that according 
to Example 48. _;qm: ; i r . * 

20 Example 51 i ^ r , 
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- The vanadium-molybdenum oxide prepared by v Preparation Method 51 was used as the positive pole ac- 
tivating material so that the battery shown in Fig. 2 was manufactured by the process similar to that according 
to Example 48. i r rJT c: - ■ . . - ; . r 

Example 52 " ** : ''v.~/M v..** 



.-. ^ ■ ,>The titanium sulfide prepared by Preparation Method 52 was used as the positive pole activating material 
-* t so that the battery shown in Fig. 2 was manufactured by the process similar to that according to Example 48. 



Example 53 

The lithium-iron-cobalt oxide prepared by Preparation Method 53 was used as the positive pole activating 
. • material so that the battery shown in Fig. 2 was manufactured by the process similar to that according to Ex- 
35jv- ample 48. ... , t i v - r , : fc • r/r- . .. -*:: - 

Example 54 

The manganese containing magnesium added thereto-vanadium oxide prepared by Preparation Method 
40 54 was used as the positive pole activating material so that the battery shown in Fig. 2 was manufactured by 
the process similar to that according to Example 48. ^ v • 

Example 55 

45 The lithium-copper-cobalt oxide prepared by Preparation Method 55 was used as the positive pole acti- 

vating material so that the battery shown in Fig. 2 was manufactured by the process similar to that according 

to Example 48.^ , : - ^ : : . ^ v - : h v , .r>Y:>r . 



Comparative Example 46 



By using the positive pole activating material prepared by Comparative Preparatio"n7heth6"d~46rth*e bat- 
. - , tery having a cross sectional shape schematically shown in Fig. 2 was manufactured.- ~ 

First, the titanium mesh collector 200 was pressed against the reverse side of the lithium metal foil in an 
atmosphere of dry argon so that the negative pole was manufactured. - . ;s • * * . > 

55 , Acetylene black powder and tetrafluoroethylene polymer powder were mixed to the lithium-manganese < 
oxide prepared by Comparative Preparation Method 46 and serving as the positive pole activating material 
.' as to be, with heat, pressed and formed into the positive pole 203. . K / 

Then, similar processes to those according to Example 46 were performed so that the lithium secondary 
battery was assembled.,- . 
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Comparative Example 47 ^ 4 . * 

The vanadium oxide prepared by Comparative Preparation Method 47 was used as the ^f^^ 
s , - tivating material so that the battery shown in Fig. 2 was manufactured by the process s,m.larto that according 
to Example 48. 

Comparative Example 48 

10 . >. V,The lithium-nickel oxide prepared by Comparative-Preparation Method "48 was used as the positive . pole " 
activating material so that the battery shown in Fig. 2 was manufactured by the process similar to that ac- 
cording to Example 48. 

Comparative Example 49 

" .*-. •> Theitthiunvnickel-cobaltoxide prepared by Compaq 
r pole activating material so that the battery shown in Fig. 2 was manufactured by the process similar tp that 
according to Example 48. 

20 Comparative Example 50 

The vanadium-molybdenum oxide prepared by Comparative Preparation M * th ° d ^ 
. ^i. a tinn material so that the battery shown in Fig. 2 was manufactured by the process similar to 



25 



itive pole activating material so that the battery shown in Fig. 
that according to Example 48. 



Comparative Example 51 

' The titanium sulfide prepared by Comparative Preparation Method 51 1 was used as the j positive pole ac- 
■ tivating material so that the battery shown in Fig. 2 was manufactured by the process s.m.lar to that according 
30 to Example 48. 

Comparative Example 52 , i i 

/-Vhelith^ 

35 pole activating material so that the battery shown in Fig. 2 was manufactured by the process s.m.lar to that 
according to Example 48. 

Comparative Example S3 . _ . - • , , . . v; 

40 The rnanganese containing magnesium added thereto-vanadiurn oxide prepared by Comparative Prepa- 

ration Method 53 was used as the positive pole activating material so that the battery shown in Fig. 2 was 
manufactured by the process similar to that according to Example 43. - . - ; 

Comparative Example 54 . , .. . 

^ " ; - The lithiunvcopper-cobalt oxide prepared by Comparative Preparation Method 54 was used as the posi- 
tive pole activating material so that the battery shown in Fig. 2 was manufactured by the process similar to 
that according to Example 48. 

so Evaluation of Performance of Lithium Secondary Battery 

The performance of lithium secondary batteries according to Examplesand Comparatrve Examples was 
evaluated. The evaluation was performed by a charge and discharge cycle test under the follow.ng condrt .ons 
with respect to the cycle life of the batteries according to Comparative Examples. 
55 - - The conditions for the cyde test were made as follows: the charge and discharge was performed by CX2C 
(electric current which was 0.2 times capacity/time), pause for 30 minutes and a cut-off voltage of 1 was 
applied. A charging/discharging apparatus HJ-101M6 manufactured by Hokuto Electnc was used 
charae/discharge test was commenced at discharge, the battery capacity was evaluate the quantity ^oHhe 
third'discharge and the cycle life was evaluate by the number of cycles when the cattery capac.ty h-d u«»e- 



72 



EP 0 600 718 A2 



riorated to 60% or less. 

The lithium batteries using the positive pole activating materials respectively according to the present in- 
vention and the comparative examples, that is, the battery capacities and cycle life of the examples of the 
5 _ present invention and the comparative examples were evaluated as shown in Table 12 while making the per- 
^ formance of the battery according to the comparative example to be a reference value of 1. ~ 

As can be understood from Table 12, the comparisons made between Examples 46 to 55 and Comparative 
. Examples 46 to 54 resulted that the use of the batteries according to the present invention enabled the capacity 
of the battery to be enlarged and the cycle life to be lengthened. : % t . - : ^ tZ - 



10 • 









..Table 12 . r : s . _ v - 


^ -** ■ ■ • * v ' ■ 


15 ' 


Lithium Battery Manufactured : * ^ - 


v\ '■ » , — 
Capacity of Battery (Pres- 
ent Invention/Comparative 
^\ , Example). 


Cycle Life (Present Inven- 

llun/l^UlTiparavlVo CJvalllfJlo/ 

.... r*c , 




Exam Dies 


Comparatives Exam- 
ples 






20 


example 4o 


Comparative Example 


' * r. * " :. 
2.3 


4.8 




example 4/ o j 


Comparative Example 
47 ~ 


• . 3.1 /;: - J ~; 


YV." . ' : 3.2 


25 r 


CAalTipiD **0 


Comparative Example 

48- * . ..,?v* : 








. Example r 49 ?5ct 


Comparative Example 

49 . ~^> c > : * 


- r.c 2 0 . „ : A - - 


^ . 1-4. 


30 


Example 50 


Comparative Example 
50 


4.1 . 


2.9^ 




Example 51 


Comparative Example 

50 ... 


3.2 


2.1 


35 : 


Example 52 


Comparative Example 

51 ' * " ' ' ' 




- ^ * < 1:4 ^ 




Example 53 


Comparative Example 

52 . ..... 


2.3 


1.5 


40 


* Example. 54 n- 


Comparative Example 


.: 1.7 ■ ■ 


:z _ .. 2.0 




Example 55 


Comparative Example 
54 - 


; 2.2 


v - : 1.8 - ; 
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Further, combinations of the embodiments of the present invention wi'll'enable further improved second- 
ary battery to.be obtained, -v .- r , 4 - -: . -." * 

According to the present invention, if dendrite of lithium or zinc grows at the time of charge, short circuits 
between.the negative pole and, the positive pole can be prevented. Therefore, a lithium secondary battery, a 
50 nickel zinc secondary battery and an air zinc secondary battery exhibiting a long charge/discharge cycle life 
can be manufactured. Further, the metal lithium can be used as the negative pole activating material. There- 
fore, a secondary battery exhibiting a high energy density can be manufactured while improving safety. 

Although the invention has been described in its preferred form with a certain degree of particularly, it is 
understood that the" present disclosure of the preferred form can be changed in the details of construction 
55 and the combination and arrangement of parts may be resorted to without departing from the spirit and the 
scope of the invention as hereinafter claimed. 
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Claims ' r - • -r.-.c ^ : ' 

1 *s«condarv battery having a negative pole substantially made 6f a negative ^le activating ^teriaUa 

reactions are able to pass. 

2 Asecondarybatteryaccordingtodaiml.^e^in^ 
"gaps" larger than the ions relating to.said battery reactions. 

poie abating materia, precipitated to said negative pole at the time of charge cannot pass.^ 
a a «™,nd fl rv batterv according to claim 1. wherein said film is stable such that said film does not react 
A wHh^ 

. 5. A secondary battery according to claim 1 . wherein said film hasan electron donative element or a group. 

6. Asecondary battery according to claim 5. wherein said e^i^p^^mr^^ un- 
paired electron, a paired electron or electron d= ~-~ ~~ _ „ 

7. Asecondary battery according to claim's, wherein said electron donate 9 Wf said filmhal electron " 

8 A secondary battery according to claim 5 or 6, wherein said electron denative element of said film has 
-••JnVTr^t^^ni?^^ from a group consisting of oxygen, nitrogen and sulfur 

9. Asecondarybatteryaccordingtodaim^^ 

ture. - * . w^xH t\< ■ ;-.r-v*K>V> ; , .. tiil :ii . ^ 

_10._ A secondary battery according.* dalrrTl , wherein said film is in the form of. an aromaiic ring structure. 
11. A secondary battery according to daim 1 . wherein said film is fluororesln: ^ ■ ^ ^ 
li Asec^dary battery accordinglo dairn 1. v*.r.in^ 

13. a secondary battery acbording to daim 1 . wherein said f ilm has a carbonyl group — 

* QOr „ nda rv batterv according to claim 1. wherein said film isinthe form of" a structure in which phos- 
14 Se^^^S5?2i. - alternately doub,e-bonded in a phosphorus-nitrogen manner. 

15. Asecondary battery according to daim 1, wherein said film is made of_ajjlaWty,* .metal oxide. 

16. Asecondary battery according to daim 1. wherein said film has a poly^r structure. . ... ^ 
17^ A^ndary battery ac^lr* to daim 1, wr^Jn said fllm.ha. a c^r*^i^^ure.-- 
18. Asecondarybatteryaccordingtbdaiml.wh^ 

' 19. A secondary battery according to daim ^ whe^said negative pole aerating material is lithium or li- 
thium alloy. .. . >r. ^z.-c. . ■ ' ' ; . . '.^V"; .^j'l-Vi "-•ri-"'.^ 
20. Asecondary battery according fto daim 1. wherein said negative pole actjvating ^material is j^inc. or z,nc 
\ alloy, ^ • • i*r...- - ^ , • - . 4> „ r '^ r '... K ' V'lV^.. 
21 Asecondary battery according to daim 19. wherein said surface of said Negative pole covered with said 
film is subjected to lipophilic treatment 
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to -* 



22. A secondary battery according to claim 20 t wherein said surface of said negative pole covered with said 
film is subjected to hydrophilic treatment,, 

23. A secondary battery according to claim 1 , wherein at least the surface of said separator opposing said 
negative pole is covered with the same material which forms said film. - 

^ ^24. A secondary battery having a negative pole substantially made of a negative pole activating material, a 
positive pole substantially made of a negative pole activating material disposed while interposing a sep- 
arator from said negative pole and an electrolyte or an electrolytic solution (electrolytic liquid) held be- 
tween said negative pole and said positive pole, said secondary battery comprising: 

at least a surface of said negative pole opposing said positive pole is treated with a reactive and 
. f gaseous material containing a nitrogen element or a halogen element: ;-c vv^-::- ■ 

^ 25. A secondary battery according to claim 24, wherein said reactive and gaseous materials a plasma-type 
material.- - ... . \ y*.- : ^ ^ ; ~ ♦* % - ^ \,-?df ^ v. ^ T • 

26. Asecondary battery according to claim 24, wherein said material containing nitrogen is one or more types 
of materials selected from a group consisting of nitrogen, ammonia and nitrogen trifluoride. 

20 27. A secondary battery according to claim 24, wherein said material containing said Halogen element is one 
: or more types of materials selected from a group consisting of fluorine, chlorine, hydrogen fluoride, hy- 
• r - drogen chloride, nitrogen trifluoride and a carbon halide such as carbon tetrafluoride. 

28. A secondary battery according to claim 24, wherein one or more types of gases selected from a group 
25 consisting of oxygen gas, hydrogen gas, argon gas, helium gas and xenon gas are added to said reactive 

and gaseous raw material gas containing the nitrogen element or halogen element to treat the surface 
of said negative pole. ^ -> * : . , - r y 

. 29. A secondary battery according to claim 24, wherein said reactive and gaseous material is a material in 
30 a plasma state which treats the surface of said lithium negative pole. , : ^ - 

30. A secondary battery according to claim 24, wherein said negative pole activating material is lithium or 
lithium alloy. ^ ^ • . r r*r t r.r i 

31. A secondary battery having a negative pole substantially made of a negative pole activating material, a 
positive pole substantially made of a negative pole activating material disposed while interposing a sep- 
arator from said negative pole and an electrolyte or an electrolytic solution (electrolytic liquid) held be- 

v. • , tween said negative pole and said positive pole, said secondary battery comprising: ^~ 

one or more types of layers selected from a group consisting of a conductor layer, a semiconductor 
layer and an insulating layer and disposed between said negative pole and said separator. 

32. Asecondary battery according to claim 31, wherein said negative pole is made of lithium, lithium alloy, 
zinc or zinc alloy. 

. 33. A secondary battery according to claim 31, wherein said conductor layer or said, semiconductor layer is 
45 made of one or more types of elements selected from a group consisting of carbon, Ni, Ti, Pt and Si. 

34. Asecondary battery according to claim 31 , wherein said insulating layer is one or more types of insulators 
selected from a group consisting of halide, nitride and carbide. - . 

so 35. A secondary battery according to claim 31 , wherein a layer selected from a group consisting of said con- . 
ductor layer, said semiconductor layer and said insulating layer is in contact with said negative pole ac- 
tivating material. . : ~. . - . •. ^ • ; ;\:. r* 

36. Asecondary battery according to claim 31, wherein a layer selected from a group consisting of said con- 
ductor layer, said semiconductor layer and said insulating layer is in contact with said separator. / 

: *c r * ^ . - . '. 

37. Asecondary battery according to claim 31, wherein a layer selected from a group consisting of said con- 
ductor layer, said semiconductor layer and said insulating layer covers atleastthe surface of said negative 
pole activating material adjacent to said separator. 
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said negative pole activating matenal. , . c <■ 

v ' rator adjacent to said negative pole. . ; . ^. ^. V r -■ : ~' :^ ^ ^ jm 

" 4l' Asecondary battery 

a specific area of 10 Uganda void ratio of 50% or more. ^ ; xr „ 



ide. ....... - - ^v^ 

25 



44. AseconLy^^ 
of bimoiecular film. 

• 45 Asecondary battery according to daim 44. wherein said bimo.ecu.ar film is a compound (a amphipathic 
30 ' material) having both hydrophobic group and a hydroph.lic group. 

46 Asecondary battery according to daim 44, wherein said bimo.ecu.ar film is formed In a film shape com- 
bining an amphipathic material and a polymer compound. 
47- A^cohdary battery according todaim 44; wherein s^ W 
35 of an ionic amphipathic material and a polymer electrolyte. , t , , : .rr. 

48. Asecondary battery according to daim 42. wherein said multMayer mete, oxide is a composite of an or- 
y ganic polymer. ' \^ " f \ . v : ■ , : - 

„ 49. A secondary battery according to daim 42. wherein sa W multMayer metal oxide is a portion of said sep- 
arator. - ^ h 

4S ions relating to battery reactions are able to pass. 

ions relating to battery reactions are able to pass. „ . . .. . . - -, .*.:.. 

film. . „ , . >. -v j . 

53. As^anrb^ C ^«n9" to c.a.m'42. wherein said negative pole abating materia, is iithium or 
lithium alloy. . _ . c * - 

54. - Asecondary battery according to daim 42. wherein said negate pole activating materia, is zinc or zinc 
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55. A secondary battery according to claim 42, wherein said multi-layer metal oxide is subjected to lipophilic 
treatment. " 

5 56. A secondary battery according to claim 42, wherein said multMayer metal oxide has a conductor member 
on the surface thereof which opposes said negative pole. . ? _ ^ 

J-. 

57. A secondary battery comprising: _ ^ v ^ _ - c . ^ .. ^ V ;: r XT 

a negative pole substantially made of a negative'pole activating material; 
10 \ • v ' a P osit ^ e P°! e substantially made of a negative pole activating material disposed while interposing 

: a separator from said negative pole; and r ' - * . nu*:" ' . * 

an electrolyte or an electrolytic solution (electrolytic liquid) held between said negative pole and 
said positive pole, wherein 

; -'j . ; < . at least the surface of said positive pole opposing said negative pole is covered with one or more 
layers selected from a group consisting of an insulating film, a semiconductor film and a composite film 
of an insulating material and a semiconductor through which ions relating to battery reactions are able 
to pass. — a* ->v~... / r "■' ' • - - .Uk 

-v • ' ' f. ■ , % 

58. A secondary battery according to claim 57, wherein said insulating member through which the ions are 
w ; able to pass is a large ring compound through which the ions relating to the battery reactions are able 

to pass. ^ ; " ' *r- . 
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59. A secondary battery according to claim 58, wherein said large ring compound is a ring compound having 
one or more types of structures selected from a group consisting of a ring polyether, a ring polyamine, 

* ring polythioether, azacrown ether, ring thioether, thiocrown ether, cryptand, cyclam.'cyciodextrin, cyclo- 
25 fan, phthalocyanin and porphyrin compound. 

v-v-r^t . ''^ -*• .Vi-; : r" ' : ■ ; ' ■ - " v ~ " * 

60. A secondary battery according to claim 57, wherein said insulating member through which the ions are 
able to pass is a polymer of a derivative of an aromatic hydrocarbon.- . - - , 

30 61. A secondary battery according to claim 60, wherein said derivative of the aromatic hydrocarbon is one 
or more types of derivatives selected from a group consisting of naphthalene, anthracene, phenanthlene, 
naphthacenei pyrene, triphenyiene, perillene, picene, benzopyrene, coronene and ovalene.» 
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62. A secondary battery according to claim 57, wherein said insulating member through which the ions are 
. able to pass is f luororesin. : ^ - v.: .• Z r : : z? r .-..■•:.,>. r. : 

63. A secondary battery according to claim 62, wherein said f luororesin has an ether bond. 

64. A secondary battery according to claim 57, wherein said insulating member through which the ions are 
able to pass is silicone resin which is an organic silicon compound. . '_.*: 

65. A secondary battery according to claim 57, wherein said insulating member through which the ions are 
able to pass is a titanium polymer which is an organic titanium compound. 

. v . 66. A seconary battery according to claim 57, wherein said insulating member through which the ions are 
45 able to pass is a polymer in which phosphorus atoms and nitrogen atoms alternately form phosphorus- 

nitrogen double bonds. 

67! A secondary battery according to claim 57, wherein said insulating member through which the ions are 
able to pass is inorganic glass mainly composed of an inorganic oxide. 

50*:- v ••■ -*t •. * :-t.;,-r. -\ ' . - • v . " . - r. : ■. ' ' — '* 

68. A secondary battery according to claim 67, wherein said inorganic glass is combined with an organic poly-" 

mer. 

69. .A secondary battery according to claim 67, wherein said inorganic oxide contains oxides of one or more 
elements selected from a group consisting of silicon, titanium, aluminum, magnesium, zirconium, lead 
and calcium. 

■ - ■■ :••■:* ■ " . * . rr'rrr r»' . ■ . 

70. A secondary battery according to claim 57, wherein said insulating member through which the ions are 

able to pass is a carbide. 
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71. A secondary batiery according to claim 57. wherein said insulating member through which the ions are 
able to pass is a nitride. 

- 72. A secondary battery according to claim - i0 " 8 

able to pass is a halide. 

73 Asecondary battery according to daim 7^.^^^^.^§^f — •.*"*"' 

, 75 ^secondary battery according to claim 57. wherein the surface of said negative pole is covered wlh a 
ff -I. film through which ions relating to battery reactions are able to pass. . - - 

"^AsecondaVyb^ 

and said ions relating to the reactions are lithium ions. 

77 Asecondary battery according* c*^ 

said ions relating to the reactions are hydroxide ions. 

and a mixture of amorphous, microcrystal and multi-crystal. ^ . . ; , , . 

*; 8 0? Asecondary b^.cc^^tod.lm^ 
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81 Asecondarybatteryaccord^ 

timony, bismuth, fluorine and chlorine. 

83. A secondary battery according to claim 78. Wherein said group SAelement which is the main component 
' of said positive pole activating material is oxygen. ^ ^ r 

84. Asecondary battery according to claim 78. wherein said group 6A element which is the main component 

of said positive pole activating material is sulfur. . - v r . - 

85. Asecondarybatteryaccoidi^ 

- ■ coating treatment with a conductor. * 
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mixed thereto to form a positive pole. 
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88. A secondary battery according to claim 78, wherein said positive pole activating material is subjected to 
lipophilic treatment. 

5 89. A secondary battery according to claim 88, wherein said lipophilic treatment is treatment using an organic 
.- metal compound. * \ t r: * 

90,, £ secondary battery according to > claim 87, wherein said resin material contains one or more types of res- 
ins selected from a group consisting of fiuororesin, polyethylene, polypropylene and silicon resin. 

10 r . v 91.. A secondary battery according to claim 90, wherein said resin material is a resin in the form of liquid or 
\ . \ ^ molten liquid or a resin having a low melting point . . . , 2 . . . r . v . . , , u 

92. A secondary battery according to~daim 91 , wherein said resin is fiuororesin having an ether bond. 

is* 93. A secondary battery according to claim 78, wherein said negative pole activating material is composed 
of one or more types of materials selected from a group. consisting of lithium; lithium alloy and carbon. 
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94. A secondary battery according to daim 78, wherein the surface of said negative pole activating material 
- of said secondary battery is covered with a film through which lithium ions are able to pass. 

95. A secondary battery according to daim 78, wherein said electrolyte is composed of at least an alkali metal 
compound. — ■** J : -* ^ ** - 1 ; > * '- - '< 

96. A secondary battery according to daim 78, wherein said electrolyte is in a state selected from a group 
- consisting of a solid state, a molten liquid state dissolved in a non-water-soluble solvent and a solid-liquid 

state. : * • ' - - • • - ' ' ' ' : ■ - - ~ 1 - r ' -* x ~* • 



97. A method of manufacturing a positive pole activating material of a secondary battery, said method com- 
prising the steps of: - ~ : - ' 

forming a compound having a crystal grain size of 500 A or less and cortiposed of transition metal 
and a group 6A element by using a reaction selected from a group consisting of a solution reaction, a * 
gas phase reaction and a melting and rapid cooling reaction. 

98; A method of manufacturing a positive pole activating material according to claim 97, wherein said conn- 
pound of said transition metal and said group 6A element is an aggregate selected from a group consisting 
of amorphous, microcrystal, a mixture of amorphous and microcrystal and a mixture of amorphous, mi- 
crocrystal and multi-crystal. * - - ^ , - .l t 



99. A method of manufacturing a positive pole activating material according to claim 97, wherein said positive 
pole activating material is substantially composed of a compound of said transition metal and said group 

40 6A element, the raw material of said transition metal element of said compound of said transition metal 

and said group 6A element being one or more types of materials selected from a group consisting of said 
transition metal, salt of said transition metal, an organic metal compound of said transition metal,' hydride 
of said transition metal, hydrogated material of said transition metal, carbonyl compound of said transition 
metal and a transition metal oxide. . 

45 *..."...'.. ... " . ' * _ " . " 

100. A method of manufacturing a positive pole activating material according to claim 97, wherein said positive 
J , ' pole activating material is composed of a compound of said transition metal and said group 6A element, 

: the raw material of said group 6A element of said compound of said transition metal and said group 6A 
element being one or more types of materials selected from a group consisting of water, alcohol, hydride, 
so hydrogated material and halide. _ , . 4 

101. A method of manufacturing a positive pole activating material according to daim 97, wherein said group 
1 6A element is oxygen. 



102. A method of manufacturing a positive pole activating material according to daim 97, wherein said group 
6A element is sulfur. " 1 \ . V* . ' 

1 03. Amethod of manufacturing a positive pole activating material according to claim 97, wherein said process 
for forming said compound of said transition metal and said group 6A element includes a process for caus- 
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ing hydrogen to react 

r said transition metal and alkali. 
f 33-Ili»li Msltlon ^^ m .t^,V 1 <(«i<l S ™up6A««»nti S| ».pa re d.-... 

compound and rapidly cooling said reactant . ^ , 

process for applying supersonic vibrations is provided. „ 

sulfate, halide, phosphate, borate, salt of organic acid and ammonia salt 

" "oxide, acetyiacetonate, salt of octyiic acid and naphthenate. .-. : ■ - 

110. Amethod of^anufacturing a positWe P oie activating materia. ^^^^ WheW,n 
alkali is added in said hydrolysis reaction of said organic trans.t.on metal compound. 

; 111. Amethodof manufactu-Wa pos,rve poie activating material according to Cairn 104 furthercomprising 
a dehydrating reaction process. - 

112.Ameth<>dofmaWactur^ 

a process for causing hydrogen sulfide to react. v , ;r 

'l13.A™.*<o< ma n ufe =. U ^^^ 

reaction is caused to take place. , t 

^ 114.Amethodofmanu^^ 

transition metal salt or said organic transition , metal compound^ reStoh is cauUd to tato 
gas is bubbled to be introduced into a reaction chamber so that a gas phase reaction is cau 

place. 

55 "'lis. a method of mahufactu^ng a positive poiVact^ating materia, according to dafm 106. wherein a rapid 
cooling rate is 10 1 to 10 8 K per second. 
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or more types of elements selected from a group consisting of lithium, carbon, magnesium, sodium, po- 
tassium, nitrogen, aluminum, calcium, barium, lead, indium, boron, silicon, tin, phosphorus, antimony, bis- 
muth, fluorine and chlorine. 

5 

117. A method of manufacturing a positive pole activating material according to claim 116, wherein the raw 
material of the additive elements to be added to said positive pole activating material is one or more types 

*-j ns of'materials selected from a group consisting of said additive element, salt of said additive element, or- 
ganic compound of said additive element, hydride of said additive element and hydrogated material of 
10 said additive element 

118. A method of manufacturing a positive pole activating material according to claim 97 further comprising 
a step of mixing conductor powder to be used as the core of said compound of said transition metal and 
said group 6A element 

15 119. A method of manufacturing a positive pole activating material according to claim 97 further comprising 
a step of covering by using a conductor after said compound of said transition metal and said group 6A 
element has been prepared. 

A method of manufacturing a positive pole comprising the step of: 

mixing one or more types or resins selected from a group consisting of fluorine resin, polyethylene, 
polypropylene and silicon resin into said positive pole activating material prepared by said manufacturing 
method according to claim 97. 

121. Amethod of manufacturing a positive pole according to claim 120, wherein said resin material is liquid or 
25 solution or low melting point resin. 

122. A method of manufacturing a positive pole according to claim 120, wherein said resin material is fluorine 
resin having an ether bond. 
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FIG. 7 
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